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Abstract 27 
Signaling molecules derived from attachment of diverse metabolic building blocks to 28 
ascarosides play a central role in the life history of C. elegans and other nematodes; however, 29 
many aspects of their biogenesis remain unclear. Using comparative metabolomics, we show 30 
that a pathway mediating formation of intestinal lysosome-related organelles (LROs) is required 31 
for biosynthesis of most modular ascarosides as well as previously undescribed modular 32 
glucosides. Similar to modular ascarosides, the modular glucosides are derived from highly 33 
selective assembly of moieties from nucleoside, amino acid, neurotransmitter, and lipid 34 
metabolism, suggesting that modular glucosides, like the ascarosides, may serve signaling 35 
functions. We further show that carboxylesterases that localize to intestinal organelles are 36 
required for the assembly of both modular ascarosides and glucosides via ester and amide 37 
linkages. Further exploration of LRO function and carboxylesterase homologs in C. elegans and 38 
other animals may reveal additional new compound families and signaling paradigms. (147 39 
Words) 40 
 41 
 42 
 43 
  44 
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Introduction 45 
Recent studies indicate that the metabolomes of animals, from model systems such as 46 
Caenorhabditis elegans and Drosophila to humans, may include >100,000 of compounds1,2. 47 
The structures and functions of most of these small molecules have not been identified, 48 
representing a largely untapped reservoir of chemical diversity and bioactivities. In C. elegans3 a 49 
large modular library of small-molecule signals, the ascarosides, are involved in almost every 50 
aspect of its life history, including aging, development, and behavior4-7. The ascarosides 51 
represent a structurally diverse chemical language, derived from glycosides of the dideoxysugar 52 
ascarylose and hydroxylated short-chain fatty acid (Figure 1a)8. Structural and functional 53 
specificity arises from optional attachment of additional moieties to the sugar, for example 54 
indole-3-carboxylic acid (e.g. icas#3 (1)), or carboxy-terminal additions to the fatty acid chain, 55 
such as p-aminobenzoic acid (PABA, as in ascr#8 (2)) or O-glucosyl uric acid (e.g. uglas#11 (3), 56 
Figure 1b)2,9-13. Given that even small changes in the chemical structures of the ascarosides 57 
often result in starkly altered biological function, ascaroside biosynthesis appears to correspond 58 
to a carefully regulated encoding process in which biological state is translated into chemical 59 
structures14. Thus, the biosynthesis of ascarosides and other C. elegans signaling molecules 60 
(e.g. nacq#1)15 represents a fascinating model system for the endogenous regulation of inter-61 
organismal small-molecule signaling in metazoans. However, for most of the >200 recently 62 
identified C. elegans metabolites2,8,9, biosynthetic knowledge is sparse. Previous studies have 63 
demonstrated that conserved metabolic pathways, e.g. peroxisomal β-oxidation9,10 and amino 64 
acid catabolism8,16 (Figure 1a), contribute to ascaroside biosynthesis; however, many aspects of 65 
the mechanisms underlying assembly of multi-modular metabolites remains unclear. 66 
Recently, metabolomic analysis of mutants of the Rab-GTPase glo-1, which lack a 67 
specific type of lysosome-related organelles (LROs, also referred to as autofluorescent gut 68 
granules), revealed complete loss of 4′-modified ascarosides14. The glo-1-dependent LROs are 69 
acidic, pigmented compartments that are related to mammalian melanosomes and drosophila 70 
eye pigment organelles17,18. LROs form when lysosomes fuse with other cellular compartments, 71 
e.g. peroxisomes, and appear to play an important role for recycling proteins and metabolites17. 72 
Additionally, it has been suggested that LROs may be involved in the production and secretion 73 
of diverse signaling molecules19,20, and the observation that glo-1 mutant worms are deficient in 74 
4′-modified ascarosides suggested that intestinal organelles may serve as hubs for their 75 
assembly (Figure 1a)14. In addition to the autofluorescent LROs, several other types of intestinal 76 
granules have been characterized in C. elegans, including lipid droplets21 and lysosome-related 77 
organelles that are not glo-1-dependent 22. 78 
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Parallel studies of other Caenorhabditis species23-25 and Pristionchus pacificus26, a 79 
nematode species being developed as a satellite model system to C. elegans27, revealed that 80 
production of modular ascarosides is widely conserved among nematodes. Leveraging the high 81 
genomic diversity of sequenced P. pacificus isolates, genome-wide association studies coupled 82 
to metabolomic analysis revealed that uar-1, a carboxylesterase from the α/ß-hydrolase 83 
superfamily with homology to cholinesterases (AChEs), is required for 4′-attachment of an 84 
ureidoisobutyryl moiety to a subset of ascarosides, e.g. ubas#3 (4, Figure 1c)26. Homology 85 
searches revealed a large expansion of carboxylesterase (cest) homologs in P. pacificus as well 86 
as C. elegans (Figure 1-figure supplement 1), and recently it was shown that in C. elegans, the 87 
uar-1 homologs cest-3, cest-8, and cest-9.2 are involved in the 4′-attachment of other acyl 88 
groups in modular ascarosides28. Based on these findings, we posited that cest homologs 89 
localize to glo-1-dependent intestinal granules where they control assembly of modular 90 
ascarosides, and perhaps other modular metabolites. In this work, we present a comprehensive 91 
assessment of the impact of glo-1-deletion on the C. elegans metabolome and uncover the 92 
central role of cest homologs that localize to intestinal granules in the biosynthesis of diverse 93 
modular metabolites. 94 
 95 
Results 96 
Novel classes of LRO-dependent metabolites. To gain a comprehensive overview of the role 97 
of glo-1 in C. elegans metabolism, we employed a fully untargeted comparison of the 98 
metabolomes of a glo-1 null mutant and wildtype worms (Figure 1d). HPLC-high resolution 99 
mass spectrometry (HPLC-HRMS) data for the exo-metabolomes (excreted compounds) and 100 
endo-metabolomes (compounds extractable from the worm bodies) of the two strains were 101 
analyzed using the Metaboseek comparative metabolomics platform, which integrates the xcms 102 
package29. These comparative analyses revealed that the glo-1 mutation has a dramatic impact 103 
on C. elegans metabolism. For example, in negative ionization mode we detected >1000 104 
molecular features that were at least 10-fold less abundant in the glo-1 exo- and endo-105 
metabolomes, as well as >3000 molecular features that are 10-fold upregulated in glo-1 106 
mutants. For further characterization of differential features, we employed tandem mass 107 
spectrometry (MS2) based molecular networking, a method which groups metabolites based on 108 
shared fragmentation patterns (Figure 1d, Figure 2-figure supplements 1-4)30. The resulting four 109 
MS2 networks – for data obtained in positive and negative ionization mode for the exo- and 110 
endo-metabolomes – revealed several large clusters of features whose abundances were 111 
largely abolished or greatly increased in glo-1 worms. Notably, although some differential MS2 112 
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clusters represented known compounds, e.g. ascarosides, the majority of clusters were found to 113 
represent previously undescribed metabolite families.   114 
In agreement with previous studies14, biosynthesis of most modular ascarosides was 115 
abolished or substantially reduced in glo-1 mutants, including all 4′-modified ascarosides, e.g. 116 
icas#3 (1) (Figure 1b,Figure 2-figure supplement 5a). Similarly, production of ascarosides 117 
modified at the carboxy terminus, e.g. uglas#11 (3) derived from ester formation between 118 
ascr#1 (5) and uric acid glucoside12 (6), and ascr#8 (2), derived from formation of an amide 119 
bond between ascr#7 (7) and of p-amino benzoic acid (8), was largely abolished in glo-1 120 
mutants (Figure 1a-b, Figure 2-figure supplement 5a). Metabolites plausibly representing 121 
building blocks of these modular ascarosides were not strongly perturbed in glo-1 mutants 122 
(Figure 1-figure supplement 2). For example, abundances of unmodified ascarosides, e.g. 123 
ascr#3 (9) and ascr#10 (10), or metabolites representing 4′-modifications, e.g. indole-3-124 
carboxylic acid (11) and octopamine succinate (12), were not significantly perturbed in the 125 
mutant (Figure 1a, Figure 2-figure supplement 5a, Figure 1-figure supplement 2). In contrast, a 126 
subset of modular ascaroside glucose esters (e.g. iglas#1 (13) and glas#10 (14), Figure 1e), 127 
was strongly increased in glo-1 mutants (Figure 2-figure supplement 5b). These results suggest 128 
that glo-1-dependent intestinal organelles function as a central hub for the biosynthesis of most 129 
modular ascarosides, with the exception of a subset of ascarosylated glucosides, whose 130 
increased production in glo-1 mutants may be indicative of a shunt pathway for ascarosyl-CoA 131 
derivatives31-33, which represent plausible precursors for modular ascarosides modified at the 132 
carboxy terminus.  133 
Next, we analyzed the most prominent MS2 clusters representing previously 134 
uncharacterized metabolites whose production is abolished or strongly reduced in glo-1 mutants 135 
(Figure 2). Detailed analysis of their MS2 spectra indicated that they may represent a large 136 
family of modular hexose derivatives incorporating moieties from diverse primary metabolic 137 
pathways. For example, MS2 spectra from clusters I, II, and III of the positive-ionization network 138 
suggested phosphorylated hexose glycosides of indole, anthranilic acid, tyramine, or 139 
octopamine, which are further decorated with a wide variety of fatty acyl moieties derived from 140 
fatty acid or amino acid metabolism, for example nicotinic acid, pyrrolic acid, or tiglic acid 141 
(Figure 2, Table 1)17,34. Given the previous identification of the glucosides iglu#1/2 (15/16, 142 
Figure 2e) and angl#1/2 (17/18), we hypothesized that clusters I, II, and III represent a modular 143 
library of glucosides, in which N-glucosylated indole, anthranilic acid, tyramine, or octopamine35 144 
serve as scaffolds for attachment of diverse building blocks. To further support these structural 145 
assignments, a series of modular metabolites based on N-glucosylated indole (“iglu”) were 146 
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selected for total synthesis. Synthetic standards for the non-phosphorylated parent compounds 147 
of iglu#4 (19), iglu#6 (20), iglu#8 (21), and iglu#10 (22) matched HPLC retention times and MS2 148 
spectra of the corresponding natural compounds (Figure 2-figure supplement 6), confirming 149 
their structures and enabling tentative structural assignments for a large number of additional 150 
modular glucosides, including their phosphorylated derivatives, e.g. iglu#12 (23), iglu#41 (24), 151 
angl#4 (cluster II, 25), and tyglu#4 (cluster III, 26) (Figure 2). The proposed structures include 152 
several glucosides of the neurotransmitters tyramine and octopamine, whose incorporation 153 
could be verified by comparison with data from a recently described feeding experiment with 154 
stable isotope labeled tyrosine35. Similar to ascaroside biosynthesis, the production of modular 155 
glucosides is life stage dependent; for example, production of specific tyramine glucosides 156 
peaks at the L3 larval stage, whereas production of angl#4 increases until the adult stage 157 
(Figure 2-figure supplement 8). Notably, modular glucosides were detected primarily as their 158 
phosphorylated derivatives, as respective non-phosphorylated species were generally less 159 
abundant. In contrast to most ascarosides, the phosphorylated glucosides are more abundant in 160 
the endo-metabolome than the exo-metabolome, suggesting that phosphorylated glucosides 161 
may be specifically retained in the body (Figure 2-figure supplement 7).  162 
As in the case of modular ascarosides, the abundances of putative building blocks of the 163 
newly identified modular glucosides were not strongly perturbed in glo-1 mutants. For example, 164 
abundances of anthranilic acid, indole, octopamine, and tyramine were not significantly affected 165 
in glo-1 null animals (Figure 2-figure supplement 9). Notably, abundances of the glucosides 166 
scaffold, e.g. iglu#1 and angl#1, were also largely unaltered or even slightly increased in glo-1 167 
mutants (Figure 2-figure supplement 9). In addition, production of some of the identified modular 168 
glucosides, e.g. iglu#5, is reduced but not fully abolished in glo-1 worms (Figure 2-figure 169 
supplement 6).  170 
To confirm our results, we additionally compared the glo-1 metabolome with that of glo-4 171 
mutants. glo-4 encodes a predicted guanyl-nucleotide exchange factor acting upstream of glo-1, 172 
and like glo-1 mutants, glo-4 worms do not form LROs18. We found that the glo-4 metabolome 173 
closely resembles that of glo-1 worms, lacking most of the modular ascarosides and 174 
ascarosides detected in wildtype worms (Figure 2-figure supplement 5c). Correspondingly, 175 
similar sets of compounds are upregulated in glo-1 and glo-4 mutants relative to wildtype, 176 
including ascarosyl glucosides and ascaroside phosphates. Compounds accumulating in glo-1 177 
and glo-4 mutant worms further include a diverse array of small peptides (primarily three to six 178 
amino acids), consistent with the proposed role of LROs in the breakdown of peptides derived 179 
from proteolysis (Figure 2-figure supplement 10)36. Taken together, our results indicate that, in 180 
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addition to their roles in the degradation of metabolic waste, the LROs serve as hotspots of 181 
biosynthetic activity, where building blocks from diverse metabolic pathways are attached to 182 
glucoside and ascaroside scaffolds (Figure 1a).  183 
 184 
Carboxylesterases are required for modular assembly. Comparing the relative abundances 185 
of different members of the identified families of modular glucosides and ascarosides, it appears 186 
that combinations of different building blocks and scaffolds are highly specific, suggesting the 187 
presence of dedicated biosynthetic pathways. For example, uric acid glucoside, gluric#1 (6), is 188 
preferentially combined with an ascaroside bearing a 7-carbon side chain (to form uglas#11, 3), 189 
whereas ascarosides bearing a 9-carbon side chain are preferentially attached to the anomeric 190 
position of free glucose, as in glas#10 (14)2,8. Similarly, tiglic acid is preferentially attached to 191 
indole and tyramine glucosides but not to anthranilic acid glucosides (Table 1). Given that 4′-192 
modification of ascarosides in P. pacificus and C. elegans require cest homologs, we 193 
hypothesized that the biosynthesis of other modular ascarosides as well as the newly identified 194 
glucosides may be under the control of cest family enzymes26,28. From a list of 44 uar-1 195 
homologs from BLAST analysis (Table 2), we selected seven for further study (Figure 3a, Table 196 
3). The selected homologs are predicted to have intestinal expression, one primary site of small 197 
molecule biosynthesis in C. elegans2, and are closely related to the UAR-1 gene, while 198 
representing different sub-branches of the phylogenetic tree. Utilizing a recently optimized 199 
CRISPR/Cas9 method, we obtained two null mutant strains for five of the selected genes37. 200 
Mutants for the remaining two homologs, ges-1 and cest-6, had been previously obtained (Table 201 
3). We then analyzed the exo- and endo-metabolomes of this set of mutant strains by HPLC-202 
HRMS to identify features that are absent or strongly downregulated in null mutants of a specific 203 
candidate gene compared to wildtype worms and all other mutants in this study. We found that 204 
two of the seven tested homologs (cest-1.1, cest-2.2) are defective in the production of two 205 
different families of modular ascarosides, whereas cest-4 mutants were defective in the 206 
biosynthesis of a specific subset of modular indole glucosides (Figure 3). The metabolomes of 207 
mutants for the remaining four cest homologs did not exhibit any significant differences 208 
compared to wildtype under the tested conditions.   209 
Analysis of the metabolomes of the two cest-2.2 null mutants revealed loss of dauer 210 
pheromone component and male attractant ascr#8 (2) as well as of the closely related ascr#81 211 
(27) and ascr#82 (28) (Figure 3b, Figure 3-figure supplements 1 and 2b). Biosynthetically, the 212 
ascr#8 family of ascarosides are derived from amide formation between ascr#7 (ΔC7, 7) and 213 
folate-derived p-aminobenzoic acid (PABA, 8), PABA-glutamate (29), or PABA-diglutamate, 214 
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respectively. We did not detect any significant reduction in the production of plausible ascr#8 215 
precursors, including PABA and PABA-glutamate, or ascr#7 (Figure 3b, Figure 3-figure 216 
supplement 2b). Biosynthesis of ascr#8, ascr#81, and ascr#82 was recovered in cest-2.2 217 
mutant worms in which the cest-2.2 sequence had been restored to wild type using 218 
CRISPR/Cas9 (Figure 3c, Figure 3-figure supplement 3b). These results indicate that CEST-2.2 219 
is required specifically for biosynthesis of the amide linkage between the carboxy terminus of 220 
ascr#7 and PABA derivatives, in contrast to the implied functions of UAR-1, CEST-8, CEST-3, 221 
and CEST-9.2, which are involved in the formation of ester bonds between various head groups 222 
and the 4′-hydroxy group of ascarylose26,28.  223 
In cest-1.1 null mutants (cest-1.1(null)), biosynthesis of the nucleoside-like ascaroside 224 
uglas#1 (30) and its phosphorylated derivative uglas#11 (3) was abolished (Figure 3d, Figure 3-225 
figure supplement 2a). uglas#1 and uglas#11 are derived from the attachment of ascr#1, 226 
bearing a seven carbon (C7) side chain, to the uric acid gluconucleoside gluric#1 (6). 227 
Production of ascr#1 (5) and gluric#1 (6), representing plausible building blocks of uglas#1 (30), 228 
was not reduced (Figure 3-figure supplement 2a). Furthermore, production of uglas#14 (31) and 229 
uglas#15 (32), isomers of uglas#1 and uglas#11 bearing the ascarosyl moiety at the 6′ position 230 
instead of the 2′ position, was not abolished but rather slightly increased in cest-1.1(null) (Figure 231 
3 d-e). These results indicate that CEST-1.1 is required for the formation of the ester bond 232 
specifically between ascr#1 (5) and the 2′-hydroxyl group in gluric#1. As in the case of cest-2.2, 233 
biosynthesis of uglas#1 and uglas#11 was fully recovered in cest-1.1 mutant worms in which the 234 
cest-1.1 sequence had been restored to wild type using CRISPR/Cas9 (Figure 3f, Figure 3-235 
figure supplement 3a).  236 
Sequence alignment with human AChE suggested that serine 213 is part of the 237 
conserved catalytic serine-histidine-glutamate triad of CEST-1.1 (Figure 4-figure supplement 1). 238 
To test whether disruption of the catalytic triad would affect production of cest-1.1-dependent 239 
metabolites, we generated a point mutant, cest-1.1(S213A). As in cest-1.1(null), production of 240 
uglas#1 (30) and uglas#11 (3) was fully abolished in cest-1.1(S213A), whereas production of 241 
gluric#1 was not affected (Figure 3g).  242 
Previous work implicated cest-1.1 with longevity phenotypes associated with argonaute-243 
like gene 2 (alg-2)38. alg-2 mutant worms are long lived compared to wild type and their long 244 
lifespan was further shown to require daf-16, the sole ortholog of the FOXO family of 245 
transcription factors in C. elegans, as well as cest-1.1. Moreover, uglas#11 biosynthesis is 246 
significantly increased in mutants of the insulin receptor homolog daf-2, a central regulator of 247 
lifespan in C. elegans upstream of daf-1612. These findings suggest the possibility that the 248 
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production of uglas ascarosides underlies the cest-1.1-dependent extension of adult lifespan in 249 
C. elegans.  250 
 In contrast to our results for cest-1.1 and cest-2.2 mutants, comparative metabolomic 251 
analysis of the cest-4 mutant strains did not reveal any defects in the biosynthesis of known 252 
ascarosides. Instead, we found that the levels of a specific subset of modular anthranilic acid 253 
(33) bearing indole glucosides, including iglu#3 (34) and its phosphorylated derivative iglu#4 254 
(35) were abolished in the cest-4 mutant worms (Figure 3h). Abundances of the putative 255 
precursor glucosides, iglu#1 (15) and iglu#2 (16), were not significantly changed in cest-4 256 
(Figure 3i, Figure 3-figure supplement 2c). Notably, production of other indole glucosides, e.g. 257 
iglu#6 (36) and iglu#8 (37), was not significantly reduced in cest-4 worms (Figure 3j, Figure 3-258 
figure supplement 4). Biosynthesis of iglu#3 and iglu#4 was restored to wild type levels in 259 
genetic revertant strains for cest-4 (Figure 3i, Figure 3-figure supplement 3c). Therefore, it 260 
appears that cest-4 is specifically required for attachment of anthranilic acid to the 6′ position of 261 
glucosyl indole precursors, whereas attachment of tiglic acid, nicotinic acid, and other moieties 262 
is cest-4-independent (Figure 3j, Figure 3-figure supplement 4). The role of cest-4 in the 263 
biosynthesis of the iglu family of modular glucosides thus parallels that of cest-1.1 in the 264 
biosynthesis of the uglas ascarosides: whereas cest-4 appears to be required for the 265 
attachment of anthranilic acid (33) to the 6’ position of a range of indole glucosides, cest-1.1 266 
appears to be required for attaching the ascr#1 side chain to the 2′ position in uric acid 267 
glucosides. 268 
 269 
CEST-2.2 localizes to intestinal granules. All cest homologs selected for this study exhibit 270 
domain architectures typical of the α/ß-hydrolase superfamily of proteins, including a conserved 271 
catalytic triad, and further contain a predicted disulfide bridge, as in mammalian AChE39 (Figure 272 
4-figure supplement 1). The cest genes also share homology with neuroligin, a membrane 273 
bound member of the α/ß-hydrolase fold family, that mediates the formation and maintenance of 274 
synapses between neurons40. Sequence analysis suggests that five of the seven CEST 275 
homologs studied here are membrane anchored, given the presence of a predicted C-terminal 276 
transmembrane domain41 (consisting of ~20 residues), with the N terminus on the luminal side 277 
of a vesicle or organelle (Figure 4-figure supplement 2). Since the production of all so far 278 
identified cest-dependent metabolites is abolished in glo-1 mutants, it seemed likely that the 279 
CEST proteins localize to intestinal granules. To test this idea, we created a mutant strain that 280 
express cest-2.2 C-terminally tagged with mCherry at the native genomic locus to avoid 281 
potentially confounding effects of overexpression. The red fluorescent mCherry was chosen 282 
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because of the strong green autofluorescence of the LROs17. We confirmed that production of 283 
all cest-2.2-dependent metabolites, including ascr#8 (2), ascr#81 (27), and ascr#82 (28) was 284 
not significantly altered in cest-2.2-mCherry mutants (Figure 4a), indicating that CEST-2.2 285 
remained functional. Imaging of wildtype adult worms revealed strong green and weaker red 286 
autofluorescence in circular features in intestinal cells, consistent with LROs. In addition, cest-287 
2.2-mCherry-tagged worms showed red fluorescence in a distinct set of intestinal granules that 288 
showed little if any autofluorescence (Figure 4b, Figure 4-figure supplements 3-4). It is unclear 289 
whether mCherry also localizes to the strongly autofluorescent granules, as we cannot 290 
distinguish the mCherry signal from the red component of the autofluorescence, given relatively 291 
low CEST-2.2-mCherry expression in this non-overexpressing strain. Taken together, it appears 292 
that CEST-2.2-mCherry localizes to a subset of intestinal organelles that is partly distinct from 293 
the autofluorescent LROs. Further studies are required to determine if CEST-2.2-mCherry co-294 
localizes with other intestinal granule markers, specifically GLO-1 and the lysosomal marker 295 
LMP-1. 296 
 297 
Glo-1-dependent metabolites in C. briggsae. In addition to C. elegans and P. pacificus, 298 
modular ascarosides have been reported from several other Caenorhabditis species42,43, 299 
including C. briggsae23,44. To assess whether the role of LROs in the biosynthesis of modular 300 
metabolites is conserved across species, we created two Cbr-glo-1 (CBG01912.1) knock-out 301 
strains using CRISPR/Cas9. As in C. elegans, Cbr-glo-1 mutant worms lacked autofluorescent 302 
LROs, which are prominently visible in wildtype C. briggsae (Figure 5-figure supplement 1). 303 
Comparative metabolomic analysis of the endo- and exo-metabolomes of wildtype C. briggsae 304 
and the Cbr-glo-1 mutant strains revealed that biosynthesis of all known modular ascarosides is 305 
abolished in Cbr-glo-1 worms, including the indole carboxy derivatives icas#2 (35) and icas#6.2 306 
(36), which are highly abundant in wildtype C. briggsae (Figure 5a).23 In addition, the C. 307 
briggsae MS2 networks included several large Cbr-glo-1-dependent clusters representing 308 
modular glucosides, including many of the compounds also detected in C. elegans, e.g. iglu#4 309 
and angl#4. As in C. elegans, production of unmodified glucoside scaffolds, e.g. iglu#1 (15) and 310 
angl#1 (17), was not reduced or increased in Cbr-glo-1 mutants, whereas biosynthesis of most 311 
modular glucosides derived from attachment of additional moieties to these scaffolds was 312 
abolished (Figure 5b). Taken together, these results indicate that the role of LROs as a central 313 
hub for the assembly of diverse small molecule architectures, including modular glucosides and 314 
ascarosides, may be widely conserved among nematodes (Figure 5c).  315 
 316 
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Discussion 317 
Our results indicate that in C. elegans the Rab-GTPase glo-1, which is required for formation of 318 
intestinal LROs, plays a central role in the biosynthesis of several large compound families 319 
derived from modular assembly via cest homologs. Formation of the autofluorescent LROs via 320 
glo-1 is reminiscent of the roles of its human orthologs RAB32 and RAB38, which are required 321 
for the formation of melanosomes, and perhaps other LROs45,46. Lysosomes and LROs are 322 
generally presumed to function in autophagy, phagocytosis, and the hydrolytic degradation of 323 
proteins, and Rab32 family GTPases have been shown to be required for these processes in 324 
diverse organisms47. Consistent with the notion that lysosomes and LROs are degradation 325 
hotspots, many of the building blocks of the identified modular ascarosides and glucosides are 326 
derived from catabolic pathways, for example, anthranilic acid is derived from tryptophan 327 
catabolism, uric acid stems from purine metabolism, and the short chain ascarosides are the 328 
end products of peroxisomal β-oxidation of very long-chain precursors. Importantly, although our 329 
results indicate that carboxylesterases participate in glo-1-dependent modular metabolite 330 
assembly, additional studies are required to clarify whether the intestinal compartments that 331 
carboxylesterases localize to also contain GLO-1 and the lysosomal marker LMP-1, as is the 332 
case for the autofluorescent LROs22. 333 
Further, our results demonstrate that the modular assembly paradigm extends beyond 334 
ascarosides. The modular glucosides represent a previously unknown family of nematode 335 
metabolites. In contrast to the well-established role of modular ascarosides as pheromones, it is 336 
unknown whether modular glycosides serve specific biological functions, e.g., as signaling 337 
molecules; however, their specific biosynthesis via cest-4 as well as their life stage-dependent 338 
production strongly supports this hypothesis (Figure 2-figure supplement 8). Like the ascaroside 339 
pheromones, some modular glucosides are excreted into the media, suggesting that they could 340 
be involved in inter-organismal communication. Identifying developmental and environmental 341 
conditions that affect modular glucoside production, as well as a more comprehensive 342 
understanding of their biosyntheses, may help uncover potential signaling and other biological 343 
roles. In particular, the apparent peroxisomal origin of the ascaroside scaffolds suggests a link 344 
between peroxisome and gut granule activity, perhaps via pexophagy48, and characterization of 345 
the role of autophagy for gut granule-dependent metabolism may contribute to uncovering the 346 
functions of modular glucoside and ascarosides. A connection to autophagy is also suggested 347 
by our previous finding14 that production of modular ascarosides is reduced in mutants of atg-348 
1849, which is essential for autophagy.   349 
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The high degree of selectivity in which different building blocks are combined in the 350 
modular ascarosides and glucosides strongly suggests that these compounds, despite their 351 
numbers and diversity, represent products of dedicated enzymatic pathways, as has recently 352 
been established for 4′-acylated ascarosides. Our results revealed a wider range of biosynthetic 353 
functions associated with cest homologs, including esterification and amide formation at the 354 
carboxy terminus of ascarosides and acylation of glucosides (Figure 5c). Notably, all cest null 355 
mutants whose metabolomes have been characterized so far are defective in the biosynthesis 356 
of one or a few compounds sharing a specific structural feature, further supporting the view that 357 
these selectively assembled molecular architectures serve dedicated functions.  358 
All CEST proteins that so far have been associated with modular metabolite assembly 359 
contain membrane-anchors and exhibit domain architectures typical of serine hydrolases of the 360 
AChE family, including an α/β-hydrolase fold, a conserved catalytic serine-histidine-glutamate 361 
triad, and bridging disulfide cysteines (Figure 4-figure supplement 1)39. While our efforts at 362 
heterologous expression of CEST proteins were unsuccessful, the finding that mutation of the 363 
catalytic serine in cest-1.1(S213A) abolished production of all cest-1.1-dependent compounds 364 
suggests that CEST enzymes directly participate in the biosynthesis of modular metabolites. 365 
Therefore, we hypothesize that CEST proteins, after translating from the endomembrane 366 
system to glo-1-dependent intestinal organelles, partake in the assembly of diverse ascaroside 367 
or glucoside-based architectures via acyl transfer from corresponding activated intermediates, 368 
e.g. CoA or phosphate esters39,50. α/β-hydrolase fold enzymes are functionally highly diverse51 369 
and include esterases, peptidases, oxidoreductases, and lyases, serving diverse biosynthetic 370 
roles in animals, plants52, and bacteria53. While acyltransferase activity is often observed as a 371 
side reaction for esterases and lipases, α/β-hydrolase fold enzymes can function as dedicated 372 
acyltransferases, e.g. in microbial natural product biosyntheses51,54. Additional biochemical 373 
studies will be required to delineate the exact mechanisms by which cest homologs contribute to 374 
modular metabolite assembly in nematodes.  375 
Finally, although our results indicate that glo-1 is required for the biosynthesis of most 376 
modular metabolites we have detected so far, it is notable that some modular ascarosides, e.g. 377 
iglas#1 (13), and modular glucosides, e.g. iglu#6 (20) and iglu#8 (21), do not appear to be glo-378 
1-dependent (Figure 2-figure supplement 7). This suggests that diverse cell compartments 379 
contribute to modular metabolite biosynthesis and may also indicate that not all CEST proteins 380 
are delivered to the same cellular compartment. Similarly, glo-1 mutants continue to generate 381 
the simple glucosides and ascarosides that serve as scaffolds for further elaboration via CEST 382 
proteins, which may be derived from UDP-glycosyltransferases55.   383 
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Reminiscent of the role of AChE for neuronal signal transduction in animals, it appears 384 
that, in C. elegans, carboxylesterases with homology to AChE have been co-opted to establish 385 
additional signal transduction pathways that are based on a modular chemical language, for 386 
inter-organismal communication, and perhaps also intra-organismal signaling. The biosynthetic 387 
functions of most of the 200 serine hydrolases in C. elegans, including more than 30 additional 388 
cest homologs, remain to be assessed, and it seems likely that this enzyme family contributes to 389 
the biosynthesis of a large number of additional, yet unidentified compounds. Similarly, the 390 
exact enzymatic roles of many families of mammalian serine hydrolases have not been 391 
investigated using HRMS-based untargeted metabolomics. Our results may motivate a 392 
systematic characterization of metazoan cest homologs and other serine hydrolases, with 393 
regard to their roles in metabolism and small molecule signaling, associated enzymatic 394 
mechanisms, and cellular localization. 395 
 396 
 397 
 398 
 399 
 400 
 401 
14 
 
Figures  402 
 403 
Figure 1: (a) Modular ascarosides are assembled from simple ascarosides, e.g. ascr#1 (5) or 404 
ascr#3 (9), and building blocks from other metabolic pathways, e.g. glucosyl uric acid (6), p-405 
aminobenzoic acid (PABA, 8) indole-3-carboxylic acid (11), or succinyl octopamine (12). We 406 
hypothesize that glo-1-dependent gut granules play a central role in their biosynthesis. (b) 407 
Examples for modular ascarosides and their biological context. (c) UAR-1 in P. pacificus 408 
converts simple ascarosides into the 4′-ureidoisobutyric acid-bearing ascarosides, e.g. ubas#3 409 
(4). (d) Strategy for comparative metabolomic analysis of LRO-deficient glo-1 mutants. (e) 410 
Example for modular ascarosides whose production is increased in glo-1 mutants.   411 
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Figure 1-figure supplement 1. Dendrogram of serine hydrolase annotated in C. elegans and 412 
Ppa-uar-1 (marked blue). cest genes (direct homologs of Ppa-uar-1) are colored in red.  413 
Figure 1-figure supplement 2. MS peak areas relative to wildtype (N2) of several building 414 
blocks of modular ascarosides. Bars represent the mean of 6 replicates and error bars standard 415 
deviation. 416 
 417 
  418 
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 419 
Figure 2: (a) Partial MS2 network (positive ion mode) for C. elegans endo-metabolome 420 
highlighting three clusters of modular glucosides that are down regulated in the glo-1 mutants 421 
(also see Figure 2-figure supplements 1-4). Red represents downregulated and blue 422 
upregulated features compared to wildtype C. elegans. (b) Cluster I feature several modular 423 
indole glucoside derivatives. Structures were proposed based on MS2 fragmentation patterns, 424 
also see Table 1. Compounds whose non-phosphorylated analogs were synthesized are 425 
marked (*). Shown ion chromatograms demonstrate loss of iglu#4 in glo-1 mutants. (c,d) 426 
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Examples for modular glucosides detected as part of clusters II and III. Ion chromatograms 427 
show abolishment of angl#4 (25) (c) and tyglu#4 (26) (d) production in glo-1 mutants. (e) 428 
Modular glucosides are derived from combinatorial assembly of a wide range of building blocks. 429 
Incorporation of moieties was confirmed via total synthesis of example compounds (green) or 430 
stable isotope labeling (blue). For all compounds, 3-phosphorylation was proposed based on 431 
the established structures of iglu#2 (16), angl#2 (18), and uglas#11 (3). 432 
 433 
Figure 2-figure supplement 1. Full MS2 molecular network of endo-metabolome acquired in 434 
positive ion mode (left). Red and blue represent features that are down- and up-regulated in glo-435 
1 mutant worms, respectively. Clusters II and III with representative modular glucoside 436 
structures that are glo-1 dependent (right).  437 
Figure 2-figure supplement 2. Full MS2 molecular network of endo-metabolome acquired in 438 
negative ion mode. Red and blue represent features that are down- and up-regulated in glo-1 439 
mutant worms, respectively. 440 
Figure 2-figure supplement 3. Full MS2 molecular network of exo-metabolome acquired in 441 
positive ion mode. Red and blue represent features that are down- and up-regulated in glo-1 442 
mutant worms, respectively.  443 
Figure 2-figure supplement 4. Full MS2 molecular network of exo-metabolome acquired in 444 
negative ion mode. Red and blue represent features that are down- and up-regulated in glo-1 445 
mutant worms, respectively. 446 
Figure 2-figure supplement 5. MS peak areas relative to wildtype (N2) of simple and modular 447 
ascarosides, glucosylated ascarosides, and phosphorylated ascarosides in glo-1 (a, b, c) and 448 
glo-4 (d, e, f) mutant worms.  Bars represent the mean of 6 (glo-1) and 2 (glo-4) biological 449 
replicates and error bars standard deviation. (c) Peak area relative to wildtype of simple and 450 
modular ascarosides in glo-4 mutant worms. Bars represent the mean of 2 replicates. n.d., not 451 
detected. 452 
Figure 2-figure supplement 6. Identification of iglu metabolites. (a) Ion chromatograms of 453 
synthetic iglu#4 (19), and the levels of iglu#3 (34) in wildtype (N2), cest-4, cest-2.2 and cest-1.1. 454 
(b) MS2 spectra of synthetic iglu#3 (34) and the natural compound. Ion chromatograms of other 455 
indole containing glucosides in C. elegans and corresponding synthetic samples (black traces), 456 
including iglu#5 (SI-2), whose production is reduced but not abolished in glo-1 mutants, as well 457 
as largely glo-1 dependent iglu#7 (SI-3) and, iglu#9 (SI-4). 458 
Figure 2-figure supplement 7. Concentration of simple and modular glucosides in the endo- or 459 
exo-metabolomes wildtype C. elegans. Concentrations were calculated with respect to the 460 
volume pre-extraction, i.e. the aggregate volume of the worm bodies and the volume of the 461 
media. Bars represent mean of 6 replicates. Error bars are standard deviation of the mean, and 462 
p-values are depicted in the Figure.  463 
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Figure 2-figure supplement 8. Production of modular glucosides is life-stage-dependent. 464 
Levels of (a) iglu#2 (16), (b) iglu#4 (19), (c) angl#4 (25), and (d) tyglu#6 (proposed structure, SI-465 
6) at different stages of development of C. elegans.  466 
Figure 2-figure supplement 9. Peak area relative to wildtype (N2) of building blocks of modular 467 
glucosides in glo-1 mutant worms. Bars represent mean of 6 replicates, with error bar 468 
representing standard deviation. 469 
Figure 2-figure supplement 10. Representative ion chromatograms and MS2 spectra of 470 
upregulated leucine- and proline-containing peptides.   471 
 472 
 473 
  474 
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 475 
Figure 3: (a) Phylogenetic tree relating P. pacificus uar-1 to homologous predicted genes in C. 476 
elegans. Ppa-uar-1, cest-3, cest-8, cest-9.2 (green) mediate ester formation at the 4′-position of 477 
ascarosides in P. pacificus and C. elegans. Genes shown in red color were selected for the 478 
current study. (b,c) Production of ascr#8 (2), ascr#81 (27), and ascr#82 (28) is abolished in 479 
cest-2.2 mutants Isogenic revertant strains of the cest-2.2 null mutants in which the STOP-IN 480 
cassette was precisely excised, demonstrate wildtype-like recovery of the associated 481 
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metabolite. (d,e) Production of uglas#1 and uglas#11 is abolished in cest-1.1(null) mutants and 482 
recovered in genetic revertants. (f) Biosynthesis of positional isomers uglas#14 (31) and 483 
uglas#15 (32) is unaltered or increased in cest-1.1 mutants (f). (g) Production of uglas#1 and 484 
uglas#11, but not gluric#1, is abolished in cest-1.1(S213) mutants. (h,i) Production of the 485 
anthranilic acid-modified glucoside iglu#4 is largely abolished in cest-4 mutants and fully 486 
recovered in genetic revertants. (j) Production of iglu#6 (36) and iglu#8 (37), whose structures 487 
are closely related to that of iglu#4, is not abolished in cest-4 mutants. Ion chromatograms in 488 
panels b, d, and g further demonstrate abolishment in glo-1 mutants. n.d., not detected. Error 489 
bars are standard deviation of the mean, and p-values are depicted in the Figure.  490 
 491 
Figure 3-figure supplement 1. Relative abundances of ascr#8 (2) and related metabolites in 492 
cest-1.1, cest-2.2, cest-4 mutants and wildtype (N2). Values were normalized relative to ascr#82 493 
(28). Bars represent the mean of 3 replicates, and error bars are standard deviation.  494 
Figure 3-figure supplement 2. Ion chromatograms demonstrating that abundances of potential 495 
precursors of (a) cest-1.1-dependent, (b) cest-2.2-dependent, and (c) cest-4-dependent 496 
metabolites is large unchanged in the corresponding mutants. 497 
Figure 3-figure supplement 3. Ion chromatograms demonstrating recovery of (a) cest-1.1-498 
dependent, (b) cest-8-dependent, (c) cest-2.2-dependent, (d) cest-4-dependent metabolites 499 
from CRISPR/Cas9 reversions of the corresponding null mutants. 500 
Figure 3-figure supplement 4. Relative abundance of other indole containing glucosides in 501 
cest-4 mutants, demonstrating that cest-4 is specifically required for the production of iglu#3 502 
(34) and #4 (19). Bars represent the mean of 3 replicates, and error bars are standard deviation. 503 
 504 
 505 
  506 
21 
 
 507 
 508 
Figure 4: (a) Relative amounts of cest-2.2 dependent metabolites in worms expressing C-509 
terminally mCherry-tagged CEST-2.2. (b) Red fluorescence in intestinal granules in wildtype 510 
and cest-2.2-mCherry gravid adults. Top, wildtype (N2) control; bottom, cest-2.2-mCherry 511 
worms. 512 
Figure 4-figure supplement 1. Amino acid sequence alignments of human acetyl 513 
cholinesterase (hAChE), P. pacificus UAR-1, and C. elegans CEST-1.1, CEST-2.2, and CEST-514 
4.  515 
Figure 4-figure supplement 2. Transmembrane domain prediction for CEST proteins in this 516 
study (cest-1.1, cest-2.2, cest-4, cest-6, cest-19, cest-33, ges-1). Predictions were performed by 517 
the TMHMM, as described previously. 518 
Figure 4-figure supplement 3. Red fluorescence in intestinal granules in gravid adults, 519 
expressing C-terminally mCherry-tagged CEST-2.2. Images in the two bottom rows are from 520 
younger worms closer to young adult stage.   521 
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Figure 4-figure supplement 4. Co-localization of green and red autofluorescence in wildtype 522 
(N2) gravid adults. 523 
 524 
 525 
  526 
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 527 
Figure 5: Relative abundance of (a) simple and modular ascarosides and (b) simple and 528 
modular glucosides in the endo-metabolome of Cbr-glo-1 mutants relative to wildtype C. 529 
briggsae. n.d., not detected. (c) Model for modular metabolite assembly. CEST proteins 530 
(membrane-bound in the LROs, red) mediate attachment of building blocks from diverse 531 
metabolic pathways to glucose scaffolds and peroxisomal β-oxidation-derived ascarosides via 532 
ester and amide bonds. Some of the resulting modular ascarosides may undergo additional 533 
peroxisomal β-oxidation following activation by acs-725. 534 
 535 
Figure 5-figure supplement  1. (a) C. briggsae WT AF16 has gut granules similar to C. 536 
elegans which are also both birefringent and easily tagged by Lysotracker Red (see arrows). 537 
Gut granule loss is evident in both (b) Cbr-glo-1 (sy1382) and (c) Cbr-glo-1 (sy1383).  538 
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Methods 539 
Key Resources Table 
Reagent type 
(species) or 
resource 
Designation Source or 
reference 
Identifiers Additional 
information 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
N2 Caenorhabditis 
Genetics Center 
(CGC) 
  Wild type 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
GH10 David Gems  glo-1 (zu437) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
RB811 Caenorhabditis 
Genetics 
Center (CGC) 
 glo-4 (ok623) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
RB2053 Caenorhabditis 
Genetics 
Center (CGC) 
 ges-1 
(ok2716) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8031 This work  cest-1.1 
(sy1180) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8032 This work  cest-1.1 
(sy1181) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
DP683 This work  cest-1.1 
(S213A) 
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Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8259 This work  cest-1.1 
(sy1180 
sy1250) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8260 This work  cest-1.1 
(sy1180 
sy1251) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8261 This work  cest-1.1 
(sy1181 
sy1252) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8262 This work  cest-1.1 
(sy1181 
sy1253) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8008 This work  cest-2.2 
(sy1170) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8009 This work  cest-2.2 
(sy1171) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8236 This work  cest-2.2 
(sy1170 
sy1236) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8238 This work  cest-2.2 
(sy1171 
sy1238) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
FCS02 SunyBiotech  cest-2.2-
mCherry 
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Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8116 This work  cest-4 
(sy1192) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8117-4 This work  cest-4 
(sy1193) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8781 This work  cest-4 
(sy1192) 
 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8782 This work  cest-4 
(sy1193) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8783 This work  cest-4 
(sy1194) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8784 This work  cest-4 
(sy1195) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
RB1804 Caenorhabditis 
Genetics 
Center (CGC) 
 cest-6 
(ok2338) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8029 This work  cest-19 
(sy1178) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8030 This work  cest-19 
(sy1179) 
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Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8033 This work  cest-33 
(sy1182) 
Strain, strain 
background 
(Caenorhabditis 
elegans) 
PS8034 This work  cest-33 
(sy1183) 
Strain 
(Caenorhabditis 
briggsae) 
PS8515 This work  CBR-glo-1-
(sy1382) 
Strain 
(Caenorhabditis 
briggsae) 
PS8516 This work  CBR-glo-1-
(sy1383) 
Peptide, 
recombinant 
protein 
Proteinase K New England 
Biolabs 
 New England 
Biolabs: 
P8107S 
Software, 
algorithm 
Metaboseek Metaboseek 
(metaboseek.com) 
 Version 0.9.6 
Software, 
algorithm 
GraphPad 
Prism 
GraphPad 
Prism 
(graphpad.co
m) 
 Version 8.4.3 
 540 
General information. Unless noted otherwise, all reagents were purchased from Sigma-541 
Aldrich. All newly identified compounds were assigned four letter “SMID”s (a search-compatible, 542 
Small Molecule IDentifier) e.g., “icas#3” or “ascr#10”. The SMID database (www.smid-db.org) is 543 
an electronic resource maintained in collaboration with WormBase (www.wormbase.org). A 544 
complete list of SMIDs can be found at www.smid-db.org/browse, and example structures for 545 
different SMIDs at www.smid-db.org/smidclasses. 546 
BLAST analysis of uar-1. Amino acid sequence of Ppa-UAR-1 was used as previously 547 
published26. BLASTp was run from the WormBase engine at 548 
(https://wormbase.org/tools/blast_blat). E-value threshold was set to 1E0. Database was set to 549 
WS269 and species was set to C. elegans. Results of BLASTp search are listed in Table 2. 550 
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Amino acid sequence alignment. hAChE was aligned with Ppa-UAR-1, CEST-1.1, CEST-2.2, 551 
and CEST-4 was done using T-Coffee Multiple Sequence alignment56. Protein sequences for C. 552 
elegans CEST proteins are from WormBase. The AChE sequence was obtained from NCBI 553 
(accession number P22303). Amino acids were colored based on chemical properties: 554 
AVFPMILW = red (small + hydrophobic), DE = blue (acidic), RHK = magenta (basic), 555 
STYHCNGQ = green (hydroxyl + sulfhydryl + amine + glycine). See Figure S17 for results. 556 
Phylogenetic tree. The protein sequence of Ppa-UAR1 was submitted to an NCBI BLASTp 557 
search57 (restricted to species C. elegans, conditional compositional BLOSUM62, gap open 558 
cost:11, gap extension cost: 1, word size: 6) using Geneious software (Biomatters Inc). The top 559 
BLAST hits by E-value up to and including ace-3 were selected, and only the best scoring 560 
transcript variant was kept for each protein sequence hit. A total of 28 sequences were then 561 
imported into MEGA758 and aligned using MUSCLE59 (settings: gap open penalty: -2.9, gap 562 
extend 0, hydrophobicity multiplier 1.2, max. iterations 8, clustering method for all iterations: 563 
UPGMB, minimal diagonal length: 24). From this alignment, an Maximum Likelihood tree was 564 
built based on the JTT matrix-based model60. Initial trees were built by applying Neighbor-Join 565 
and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model assuming 566 
uniform substitution rates across positions. Phylogeny confidence was tested using 200 567 
bootstrap replications. The tree with the highest log likelihood (-22299.9282) is shown. At each 568 
branch, the percentage of bootstrap replicates containing the same branching event is denoted. 569 
The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. 570 
The evolutionary history was inferred by using the Maximum Likelihood method based on the 571 
JTT matrix-based model60. The tree with the highest log likelihood (-22299.9282) is shown. The 572 
percentage of trees in which the associated taxa clustered together is shown next to the 573 
branches. Initial tree(s) for the heuristic search were obtained automatically by applying 574 
Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT 575 
model, and then selecting the topology with superior log likelihood value. The tree is drawn to 576 
scale, with branch lengths measured in the number of substitutions per site. The analysis 577 
involved 28 amino acid sequences. All positions containing gaps and missing data were 578 
eliminated. There were a total of 427 positions in the final dataset. Evolutionary analyses were 579 
conducted in MEGA758,61. 580 
Nematode strains. Wildtype (N2) and glo-1(zu437) null animals were provided by the 581 
Caenorhabditis Genetics Center (CGC), which is funded by NIH Office of Research 582 
Infrastructure Programs (P40 OD010440). cest-2.2 mutant strain integrating N-terminal 583 
(mCherry-cest-2.2) or C-terminal mCherry (cest-2.2-mCherry), were generated by SunyBiotech. 584 
Generation of C. elegans and C. briggsae null mutants and revertants as well as generation of 585 
the cest-1.1 point mutant is described below. See Table 3 for a complete list of strains used in 586 
this study. 587 
C. elegans CRISPR mutagenesis for generation of cest null mutants. CRISPR/Cas9 588 
mutagenesis was performed as in Wang et al., 201837. Briefly, C. elegans strain N2 were gene-589 
edited by insertion of a 43-base-pair insertion that disrupts translation. Independent 590 
homozygous mutants were picked among the progeny of heterozygous F1 progeny of injected 591 
hermaphrodites and given distinct unique allele names. Reversion of mutants was 592 
accomplished in the same way. 593 
C. briggsae CRISPR mutagenesis for generation of glo-1 null mutants. The C. briggsae 594 
glo-1 mutants sy1382 and sy1383 were both created using the briggsae adaptation of the 595 
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STOP-IN cassette method as described in Cohen and Sternberg 201962 and Wang et al. 201837. 596 
Both strains were made using a successful insertion of the STOP-IN cassette into the middle of 597 
the first exon using the guide AACAAATCTCCGGATGATTG. To detect the insertion, we used 598 
forward primer GGGTGACCGCCCATTTATTG and reverse primer 599 
AAAGGCGCACATCTTGCTTC. 600 
C. elegans CRISPR mutagenesis for generation of the cest-1.1(dp683) allele encoding the 601 
S213A catalytic mutant. cest-1(dp683) was generated as previously described63. Briefly, daf-602 
2(e1368) mutant animals were injected with in-vitro-assembled Cas9-crRNA-tracrRNA 603 
complexes targeting cest-1.1 and the dpy-10 co-CRISPR gene and two 100bp repair 604 
oligonucleotides containing the desired cest-1.1 mutation and the dpy-10(cn64) co-CRISPR 605 
mutation64. Sequences of the cest-1.1 crRNA and repair oligonucleotide are 5’ 606 
acctacCGCTACTATCATAC 3’ and 5’ GAAATTGAAAACTTTGGAGGAAATAAAAACAG-607 
AATTACATTGGCAGGGCATGCCGCTGGAGCAAGTATGATAGTAGCGgtaggtcacataaatgataca608 
tttttg 3’, respectively. F1 Rol progeny of injected animals were picked and screened for the 609 
presence of the cest-1.1(dp683) mutation after egglay. F2 broods of F1 Rol animals that were 610 
heterozygous for cest-1.1(dp683) were screened for animals that were homozygous for cest-611 
1.1(dp683) and either wild-type or heterozygous for cn64 at the dpy-10 locus. Subsequent 612 
broods were screened for wild-type dpy-10 animals to remove the co-CRISPR mutation. 613 
Nematode imaging. To image, gravid adult C. elegans were transferred to an agarose pad on 614 
a glass slide with 10 µM of levamisole to immobilize the worms. Microscopic analysis was 615 
performed using a Leica TCS SP5 Laser Scanning Confocal Microscope. Green 616 
autofluorescence was excited at 488 nm and the emission detector was set to 490-540 nm. 617 
mCherry was excited with 561 nm and the emission detector was set to 590-650 nm. Worms 618 
were imaged using the 100x objective. 619 
C. briggsae imaging. 0.5 mL of 2 µM Lysotracker Deep Red (Thermo Fisher 1 mM stock in 620 
DMSO) was added to a 6 cm NGM plate seeded with 0.1 mL of E. coli OP50 and incubated in 621 
the dark for 24 hours at 20 °C. L4 larvae of C. briggsae were added to the plate and allowed to 622 
grow in the dark for 24 hours at 20 °C. To image, C. briggsae were transferred to an agarose 623 
pad on a glass slide with 10 µM of levamisole to immobilize the worms. Microscopic analysis 624 
was performed using a Zeiss Axio Imager Z2 florescence microscope with Apotome.  625 
Nematode cultures, mixed stage. Culturing began by chunking C. elegans or C. briggsae onto 626 
10 cm NGM plates (each seeded with 800 µL of OP50 E. coli grown to stationary phase in 627 
Lennox Broth) and incubated at 22 °C. Once the food was consumed, the cultures were 628 
incubated for an additional 24 hours. Each plate was then washed with 25 mL of S-complete 629 
medium into a 125 mL Erlenmeyer flask, and 1 mL of OP50 E. coli was added (E. coli cultures 630 
were grown to stationary phase in Terrific Broth, pelleted and resuspended at 1 g wet mass per 631 
1 mL M9 buffer), shaking at 220 RPM and 22 °C. After 70 hours, cultures were centrifuged at 632 
5000 G for 1 min. After discarding supernatant, 24 mL H2O was added, along with 6 mL bleach, 633 
900 µL 10 M NaOH and the mixture was shaken for 3 min to prepare eggs. Eggs were 634 
centrifuged at 5000 G, the supernatant was removed, and the egg pellet washed with 35 mL M9 635 
buffer twice and then suspended in a final volume of 5 mL M9 buffer in a 50 mL centrifuge tube. 636 
Eggs were counted and placed on a rocker and allowed to hatch as L1 larvae for 24 hours at 22 637 
°C. 70,000 L1 larvae were seeded in 25 mL cultures of S-complete with 1 mL of OP50 and 638 
incubated at 220 RPM and 22 °C in a 125 mL Erlenmeyer flask. After 72 hours, cultures were 639 
fed an additional 1 mL of OP50 and incubation continued. After an additional 48 hours, worms 640 
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were spun at 1000 G 5 min and spent medium was separated from worm body pellet. 641 
Separated medium and worm pellet were flash frozen over liquid nitrogen until further 642 
processing. At least three biological replicates were grown for all mutant strains. Mutants were 643 
grown with parallel wildtype controls, and biological replicates were started on different days.   644 
Metabolite extraction. Lyophilized pellet and media samples were crushed and homogenized 645 
by shaking with 2.5 mm steel balls at 1300 rpm for 3 min in 30 s pulses while chilled with liquid 646 
nitrogen (SPEX sample prep miniG 1600). Thus powdered media and pellet samples were 647 
extracted with 15 mL methanol in 50 mL centrifuge tubes, rocking overnight at 22 °C. 648 
Extractions were pelleted at 5000 g for 10 min at 4 °C, and supernatants were transferred to 20 649 
mL glass scintillation vials. Samples were then dried in a SpeedVac (Thermo Fisher Scientific) 650 
vacuum concentrator. Dried materials were resuspended in 1 mL methanol and vortexed for 1 651 
min. Samples were pelleted at 5000 g for 5 min and 22 °C, and supernatants were transferred 652 
to 2 mL HPLC vials and dried in a SpeedVac vacuum concentrator. Samples were then 653 
resuspended in 200 μL of methanol, transferred into 1.7 mL Eppendorf tubes, and centrifuged at 654 
18,000 G for 20 min at 4 °C. Clarified extracts were transferred to fresh HPLC vials and stored 655 
at -20 °C until analysis.  656 
Preparation of exo-metabolome samples from staged starved and fed cultures. 40,000 657 
synchronized L1 larvae were added to 125 mL Erlenmeyer flasks containing 30 mL of S-658 
complete medium. Worms were fed with 4 mL of concentrated OP-50 and incubated at 20 °C 659 
with shaking at 160 RPM for: 12 h (L1), 24 h (L2), 32 h (L3), 40 h (L4) and 58 h (gravid adults). 660 
For preparation of starved samples, each of the stages was starved for 24 h after reaching their 661 
desired developmental stage in S-complete without OP-50. After incubation for the desired time, 662 
liquid cultures were centrifuged (1000 x g, 22 °C, 1 min) and supernatants were collected. 663 
Supernatant was separated from intact OP-50 cells by centrifuging (3000 x g, 22 °C, 5 min) and 664 
the resulting supernatants (exo-metabolome) were lyophilized. Lyophilized samples were 665 
homogenized with a dounce homogenizer in 10 mL methanol and extracted on a stirring plate 666 
(22 °C, 12 h). The resulting suspension was centrifuged (4000 g, 22 °C, 5 min) to remove any 667 
precipitate before carefully transferring to an LC-MS sample vial. Three biological replicates 668 
were started on different days.  669 
Mass spectrometric analysis. High resolution LC-MS analysis was performed on a Thermo 670 
Fisher Scientific Vanquish Horizon UHPLC System coupled with a Thermo Q Exactive HF 671 
hybrid quadrupole-orbitrap high-resolution mass spectrometer quipped with a HESI ion source. 672 
1 μL of extract was injected and separated using at water-acetonitrile gradient on a Thermo 673 
Scientific Hypersil GOLD C18 column (150 mm x 2.1 mm 1.9 um particle size 175 Å pore size, 674 
Thermo Scientific) and maintained at 40 °C. Solvents were all purchased from Fisher Scientific 675 
as HPLC grade. Solvent A: 0.1% formic acid in water; solvent B: 0.1% formic acid in acetonitrile. 676 
A/B gradient started at 1% B for 5 min, then from 1% to 100% B over 20 min, 100% for 5 min, 677 
then down to 1% B for 3 min. Mass spectrometer parameters: 3.5 kV spray voltage, 380 °C 678 
capillary temperature, 300 °C probe heater temperature, 60 sheath flow rate, 20 auxiliary flow 679 
rate, 1 spare gas ; S-lens RF level 50.0, resolution 240,000, m/z range 100-1200 m/z, AGC 680 
target 3e6. Instrument was calibrated with positive and negative ion calibration solutions 681 
(Thermo-Fisher) Pierce LTQ Velos ESI pos/neg calibration solutions. 682 
Feature detection and characterization. LC−MS RAW files from each sample were converted 683 
to mzXML (centroid mode) using MSConvert (ProteoWizard), followed by analysis using the 684 
XCMS65 analysis feature in METABOseek (metaboseek.com). Peak detection was carried out 685 
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with the centWave algorithm29, values set as: 4 ppm, 320 peakwidth, 3 snthresh, 3100 prefilter, 686 
FALSE fitgauss, 1 integrate, TRUE firstBaselineCheck, 0 noise, wMean mzCenterFun, -0.005 687 
mzdiff. XCMS feature grouping values were set as: 0.2 minfrac, 2 bw, 0.002 mzwid, 500 max, 1 688 
minsamp, FALSE usegroup. METABOseek peak filling values set as: 5 ppm_m, 5 rtw, TRUE 689 
rtrange. Resulting tables were then processed with the METABOseek Data Explorer. Molecular 690 
features were filtered for each particular null mutant against all other mutants. Filter values were 691 
set as: 10 to max minFoldOverCtrl, 15000 to max meanInt, 120 to 1500 rt, 0.95 to max Peak 692 
Quality as calculated by METABOseek. Features were then manually curated by removing 693 
isotopic and adducted redundancies. Remaining masses were put on the inclusion list for 694 
MS/MS (ddMS2) characterization. Positive and negative mode data were processed separately. 695 
In both cases we checked if a feature had a corresponding peak in the opposite ionization 696 
mode, since fragmentation spectra in different modes often provide complementary structural 697 
information. To acquire MS2 spectra, we ran a top-10 data dependent MS2 method on a 698 
Thermo QExactive-HF mass spectrometer with MS1 resolution 60000, AGC target 1 × 10^6, 699 
maximum IT (injection time) 50 ms, MS2 resolution 45 000, AGC target 5 × 10^5, maximum IT 700 
80 ms, isolation window 1.0 m/z, stepped NCE (normalized collision energy) 25, 50, dynamic 701 
exclusion 3 s. 702 
Statistical analysis. Peak integration data from HPLC-MS analysis were log-transformed66 703 
prior to statistical analysis. Significance of differences between average peak areas were then 704 
assessed using unpaired t-tests. 705 
MS2-based molecular networking. From the list of differential features, described above, MS2 706 
data was acquired for these features. To generate the MS2 molecular network, Metaboseek 707 
version 0.9.6 was used. Using the MS2scans features, differential features were matched with 708 
their respective MS2 scan, using m/z window of 5 ppm, and a retention time window of 15 sec.  709 
To construct the molecular network, tolerance of the fragment peaks was set to m/z of 0.002 or 710 
5 ppm, minimum number of peaks was set to 5, with a 2% noise level. Once the network was 711 
constructed, cos value of 0.8 was used, and the number of possible connections was simplified 712 
to 5. 713 
Serine hydrolase dendrogram. The serine hydrolase list was reported previously67. From this 714 
list, sequences were inputted into Geneious Prime (version 2020.1.2 Biomatters).  Sequences 715 
were aligned using Clustal Omega, neighbor joining alignment. Dendrogram tree was generated 716 
using the Geneious Tree Builder; Genetic distance model Jukes-Cantor, Tree build method 717 
UPGMA, no outgroup, Bootstrap resampling, random seed 508,949, 300 interactions, support 718 
threshold of 1. CEST enzymes were colored red, PPA-UAR-1 was colored blue, and example 719 
proteases were colored green (Figure 1-figure supplement 1).  720 
 721 
 722 
 723 
  724 
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2. Synthetic Procedures 725 
Synthesis of iglu#1 (15). iglu#1 was synthesized as described previously68. 726 
Synthesis of angl#1 (17). angl#1 was synthesized as described previously69. 727 
Synthesis of 2-((tert-butoxycarbonyl)amino)benzoic acid (Boc-AA, SI-1). 728 
 729 
 730 
To a solution of anthranilic acid (33, 300 mg, 2.18 mmol) in 4 mL of THF and H2O (1:1), Boc-731 
anhydride (520.8 mg, 2.39 mmol) was added, and 2 M NaOH was added to the mixture until pH 732 
10 was reached. The reaction mixture was stirred at room temperature. After 23 hours, the 733 
solution was concentrated in vacuo, and 15% citric acid aqueous solution was added until pH 4 734 
was reached. The white precipitate was filtered off and dried under vacuum to provide 2-((tert-735 
butoxycarbonyl)amino)benzoic acid (SI-1, 496.7 mg, 96%) as a white solid. 1H NMR, 600 MHz, 736 
chloroform-d: δ (ppm) 10.06 (s, 1H), 8.47 (dd, J = 8.7, 0.9 Hz, 1H), 8.08 (dd, J = 7.9, 1.5 Hz, 737 
1H), 7.57 (dt, J = 7.9, 1.5 Hz, 1H), 7.03 (dt, J = 7.2, 1.2 Hz, 1H), 1.55 (s, 9H). 738 
 739 
Synthesis of N-β-(6-(2ʹ-aminobenzoyl)-glucopyranosyl) indole (iglu#3, 34) 740 
 741 
 742 
To a stirred solution of N-(tert-butoxycarbonyl)anthranilic acid70 (SI-1, 10 mg, 0.042 mmol) in 743 
dimethylformamide, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC·HCl, 744 
20.1 mg, 0.105 mmol) was added. The mixture was stirred at room temperature for 5 min, and 745 
4-dimethylaminopyridine (DMAP, 18.1 mg, 0.105 mmol) and N-β-glucopyranosyl indole (iglu#1, 746 
15, 9.8 mg, 0.0351 mmol) were added. The reaction mixture was stirred at room temperature. 747 
After 5 hours, the mixture was concentrated in vacuo to yield a viscous oil, which was dissolved 748 
in 1.4 mL of a 5:2 mixture of dichloromethane and methanol. Trifluoroacetic acid (TFA, 0.5 mL) 749 
was added slowly and the reaction mixture was stirred at room temperature. After 3 hours, the 750 
mixture was concentrated in vacuo. Preparative HPLC provided a pure sample of iglu#3 (34, 0.8 751 
mg, 5.7%). See Table 5 for NMR spectroscopic data of iglu#3.  752 
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HRMS (ESI) m/z: [M - H]- calcd for C21H21N2O6
- 397.13938; found 397.14017. 753 
 754 
Synthesis of N-β-(6-nicotinoylglucopyranosyl) indole (iglu#5, SI-2) 755 
 756 
 757 
To a stirred solution of nicotinic acid (7.3 mg, 0.059 mmol) in a mixture of dimethylformamide 758 
and dichloromethane (1:1), EDC·HCl (28.4 mg, 0.148 mmol) was added. The mixture was 759 
stirred at room temperature for 30 min, before DMAP (18.1 mg, 0.148 mmol) and N-β-760 
glucopyranosyl indole (iglu#1, 15, 13.8 mg, 0.0494 mmol) were added. The reaction mixture 761 
was stirred at room temperature for 20 h, the mixture was concentrated in vacuo, and flash 762 
column chromatography on silica using a gradient of 0-25% methanol in dichloromethane 763 
afforded iglu#5 (SI-2, 2.5 mg, 13.9%) as a colorless oil. See Table 6 for NMR spectroscopic 764 
data of iglu#5. 765 
HRMS (ESI) m/z: [M + H]+ calcd for C20H21N2O6
+ 385.13941; found 385.14038. 766 
 767 
Synthesis of N-β-(6-(2ʹ-methylbut-2ʹE-enoyl)-glucopyranosyl) indole (iglu#7, SI-3) 768 
 769 
To a stirred solution of tiglic acid (5.0 mg, 0.050 mmol) in a 1:1 mixture of dimethylformamide 770 
and dichloromethane, EDC·HCl (23.9 mg, 0.125 mmol) was added. The mixture was stirred at 771 
room temperature for 30 min, and DMAP (15.2 mg, 0.125 mmol) and N-β-glucopyranosyl indole 772 
(iglu#1, 15, 11.6 mg, 0.0416 mmol) were added. The reaction mixture was stirred at room 773 
temperature for 22 hours and then concentrated in vacuo. Flash column chromatography on 774 
silica using a gradient of 0-30% methanol in dichloromethane afforded iglu#7 (SI-3, 2.5 mg, 775 
11.3%) as a colorless oil. See Table 7 for NMR spectroscopic data of iglu#7. 776 
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HRMS (ESI) m/z: [M + H]+ calcd for C19H24NO6
+ 362.15981; found 362.16025. 777 
 778 
Synthesis of N-β-(6-(pyrrole-2ʹ-carbonyl)-glucopyranosyl) indole (iglu#9, SI-4) 779 
 780 
To a suspension of pyrrole-2-carboxylic acid (6.0 mg, 0.054 mmol) in dichloromethane, oxalyl 781 
chloride (14 µL, 0.163 mmol) was added slowly, followed by dimethylformamide (1 µL, 0.0129 782 
mmol). The mixture was stirred at room temperature for 18 hours and then concentrated to 783 
dryness in vacuo. The residue was re-dissolved in dimethylformamide (2 mL) containing N-β-784 
glucopyranosyl indole (iglu#1, 15, 10.8 mg, 0.0387 mmol). Triethylamine (45 µL, 0.324 mmol) 785 
was added, and the reaction was stirred at 35 °C for 7 days. Subsequently the mixture was 786 
concentrated in vacuo, and flash column chromatography on silica using a gradient of 0-30% 787 
methanol in dimethylformamide afforded iglu#9 (SI-4, 1.5 mg, 10.4%) as a colorless oil. See 788 
Table 8 for NMR spectroscopic data of iglu#9. 789 
HRMS (ESI) m/z: [M + H]+ calcd for C19H21N2O6
+ 373.13941; found 373.14026. 790 
 791 
Synthesis of an HPLC standard of ((2R,3S,4S,5R,6S)-6-((2-aminobenzoyl)oxy)-3,4,5-792 
trihydroxytetrahydro-2H-pyran-2-yl)methyl 2-aminobenzoate (angl#3, SI-5) 793 
 794 
 795 
To a stirred solution of Boc-AA (2 mg, 0.00 84mmol) in dimethylformamide, 1-(3- 796 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC·HCl) (3.9 mg, 0.0203 mmol) was 797 
added. The mixture was stirred at room temperature for 5 min, and 4-dimethylaminopyridine 798 
(DMAP) (2.5 mg, 0.0203 mmol) and angl#1 (17, 2 mg, 0.0068 mmol) were added. The reaction 799 
mixture was stirred at room temperature. After 5 hours, the mixture was concentrated in vacuo. 800 
The crude product was dissolved in 0.55 mL dichloromethane and methanol (10:1) and 801 
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trifluoroacetic acid (TFA, 500 µL) was added slowly. The reaction mixture was stirred at room 802 
temperature for 3 hours then was concentrated in vacuo, affording angl#3 (SI-5). 803 
HRMS (ESI) m/z: [M + H]+ calcd for C20H23N2O7
+ 403.14998; found 403.15100. 804 
 805 
Synthesis of an HPLC standard of N-(p-aminobenzoyl)glutamate (PABA-glutamate) (29)  806 
 807 
p-Aminobenzoic acid (Chem-Impex) (8) was dissolved in warm dichloromethane (DCM) 808 
containing triethylamine (0.1 eq). EDC·HCl (Amresco Biochemicals) (1 eq) and di-tert-butyl 809 
glutamate (1 eq) was added to the reaction mixture. N,N-Dimethylaminopyridine (1.1 eq) was 810 
then added to the mixture and the resulting mixture was stirred at room temperature for 24 hr 811 
and then extracted with ethyl acetate. The organic layer was dried with sodium sulfate and 812 
evaporated to dryness in vacuo. The crude product was dissolved in DCM, and trifluoroacetic 813 
acid (TFA) was added (100 eq). The reaction was then stirred for 6 hr at room temperature. TFA 814 
and DCM were evaporated off to yield crude PABA-glutamate (29). 1H NMR, 600 MHz, 815 
methanol: δ (ppm) 7.93 (d, 8.6 Hz, 2H), 7.37 (d, 8.5 Hz, 2H), 4.61 (dd, 5.0, 9.3 Hz, 1H), 2.09-816 
2.28 (m, 4H).  817 
 818 
  819 
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Tables 820 
 821 
Table 1. MS2 data of glo-1 dependent features presented in this manuscript.  822 
 823 
  Representative MS/MS spectra of modular glucosides. Structures of entries 
shown in red  were confirmed by total synthesis. 
   
formula RT 
[min.] 
Compound 
number 
SMID m/z (M+H) m/z (M-H) ms/ms fragments,  
positive ionization 
mode 
ms/ms fragments,  
negative ionization 
mode 
Substituents on 
glucose 
Stable isotope labeling  
C26H26N3O12P 9.30  angl#10 604.13381 602.11813 105.03366 (C7 H5 
O+) 120.04469 (C7 
H6 O N+)  
96.96870 (H2 O4 
P-) 121.02911 (C7 
H5 O2-) 136.03983 
(C7 H6 O2 N-) 
anthranilic acid, 
nicotinic acid 
 
C20H22N2O7 8.67 SI 5 angl#3 403.14998 401.13542 120.04459 (C7 H6 O 
N+) 138.05496 (C7 
H8 O2 N+) 
 anthranilic acid, 
anthranilic acid 
 
C20H23N2O11P 9.26 25 angl#4 499.11235 497.09667 120.04463 
(C7H6ON+) 
96.96868 (H2 O4 
P-) 78.95800 (O3 
P-) 136.03999 (C7 
H6 O2 N-) 
223.00078 (C6 H8 
O7 P-)  
anthranilic acid, 
anthranilic acid 
 
C19H21N2O9P 9.59 22 iglu#10 453.10574 451.09119 94.02916 (C5 H4 O 
N+) 118.06535 (C8 
H8 N+) C14 H12 O2 
N (C14 H12 O2 N+) 
78.95802 (O3 P-) 
96.96867 (H2 O4 
P-) 110.02444 (C5 
H4 O2 N-) 
116.05042 (C8 H6 
N-) 
indole, nicotinic 
acid 
 
C21H22NO9P 10.79 23 iglu#12 464.11049 462.09594 105.03382 (C7 H5 
O+) 118.06538 (C8 
H8 N+) 226.08620 
(C14 H12 O2 N+) 
348.12271 (C21 H18 
O4 N+) 
78.95801 (O3 P-) 
96.96865 (H2 O4 
P-)  
indole, benzoic 
acid 
 
C14H18NO8P 6.05 16 iglu#2 360.08541 358.06973 98.98453 (H4 O4 P+) 
118.06536 (C8 H8 
N+) 244.09660 (C14 
H14 O3 N+)  
78.95802 (O3 P-) 
96.96869 (H2 O4 
P-)  
indole  
C21H22N2O6 10.69 34 iglu#3 399.15506 397.13938  116.05032 (C8 H6 
N-) 136.04002 (C7 
H6 O2 N-) 
215.09431 (C13 
H13 O2 N-) 
indole, anthranilic 
acid 
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C21H23N2O9P 10.29 19 iglu#4 479.12252 477.10684 118.06536 (C8 H8 
N+) 120.04456 (C7 
H6 O N+) 138.05490 
(C7 H8 O2 N+) 
226.08612 (C14 H12 
O2 N+)  
78.95801 (O3 P-) 
96.96867 (H2 O4 
P-) 116.05042 (C8 
H6 N-) 136.03970 
(C7 H6 O2 N-) 
358.06805 (C14 
H17 O8 N P-) 
indole, anthranilic 
acid 
 
C27H26N3O10P 10.49 41 iglu#41 584.14398 582.1283 96.04494 (C5 H6 O 
N+) 120.04456 (C7 
H6 O N+) 124.03937 
(C6 H6 O2 N+) 
166.04985 (C8 H8 O3 
N+) 228.06477 (C13 
H10 O3 N+) 
330.03705 (C12 H13 
O8 N P+)  
78.95801 (O3 P-) 
96.96867 (H2 O4 
P-) 122.02431 (C6 
H4 O2 N-) 
136.04013 (C7 H6 
O2 N-)  
indole, anthranilic 
acid, nicotinic acid 
 
C26H29N2O10P 10.48 20 iglu#42 561.16439 559.14871 83.04974 (C5 H7 O+) 
118.06553 (C8 H8 
N+) 120.04465 (C7 
H6 O N+) 202.08635 
(C12 H12 O2 N+)  
78.95805 (O3 P-) 
96.96868 (H2 O4 
P-)136.03995 (C7 
H6 O2 N-)  
indole, antranilic 
acid, tiglic acid 
 
C20H20N2O6 8.93 SI-2 iglu#5 385.13941 383.12373 106.02911 (C6 H4 O N+) 118.06535 (C8 H8 
N+) 124.03936 (C6 H6 O2 N+) 268.08124 
(C12 H14 O6 N+)  
indole, nicotinic 
acid  
 
 C20H21N2O9P 8.29 20 iglu#6 465.10687 463.09119 106.02907 (C6 H4 O 
N+) 118.06532 (C8 
H8 N+) 124.03942 
(C6 H6 O2 N+) 
226.08630 (C14 H12 
O2 N+) 250.07079 
(C12 H12 O5 N+)  
78.95802 (O3 P-) 
96.96868 (H2 O4 
P-) 122.02421 (C6 
H4 O2 N-) 
340.05878 (C14 
H15 O7 N P-) 
indole, nicotinic 
acid  
 
C19H23NO6 11.24 SI-3 iglu#7 362.15981 360.14413 83.04967 (C5 H7 O+) 101.06001 (C5 H9 
O2+) 118.06536 (C8 H8 N+) 198.09097 
(C13 H12 O N+) 226.08626 (C14 H12 O2 
N+)  
indole, tiglic acid  
C19H24NO9P 10.48 21 iglu#8 442.12727 440.11159 83.04967 (C5 H7 O+) 
101.06020 (C5 H9 
O2+) 118.06538 (C8 
H8 N+) 226.08621 
(C14 H12 O2 N+)  
78.95798 (O3 P-) 
96.96864 (H2 O4 
P-) 116.05011 (C8 
H6 N-)  
indole, tiglic acid  
C19H20N2O6 6.33 SI-4 iglu#9 373.13941 371.12486  110.02437 (C5 H4 
O2 N-) 116.05027 
(C8 H6 N-)  
indole, nicotinic 
acid 
 
 C21H27N2O11P 4.31  oglu#4 515.14365 513.12797 120.04459 (C7 H6 O 78.95781 (O3 P-) octopamine, d1 from d2-L-Tyrosine 
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N+) 136.07550 (C8 
H10 O N+) 
138.05511 (C7 H8 O2 
N+) 216.06795 (C12 
H10 O3 N+)  
96.96854 (H2 O4 
P-) 136.03995 (C7 
H6 O2 N-) 
223.00067 (C6 H8 
O7 P-) 376.07953 
(C14 H19 O9 N P-) 
anthranilic acid 
C18H24N2O7 4.79  sgnl#1 381.16563 379.14995  217.09767 (C12 
H13 O2 N2-)  
n-acetylserotonin  
C25H29N3O8 7.34  sgnl#3 500.20274 498.18706 120.04427 
(C7H6NO+) 
160.07555 
(C10H10NO+) 
 n-acetylserotonin, 
anthranilic acid 
 
C25H30N3O11P 7.89  sgnl#4 580.1702 578.15452 120.04459 (C7 H6 O 
N+) 138.05498 (C7 
H8 O2 N+) 
160.07590 (C10 H10 
O N+) 219.11266 
(C12 H15 O2 N2+)  
 (O3 P-) 96.96865 
(H2 O4 P-) 
136.04048 (C7 H6 
O2 N-) 223.00072 
(C6 H8 O7 P-) 
n-acetylserotonin, 
anthranilic acid 
 
C29H33N2O11P 8.22  tyglu#12 617.1906 615.17492 120.04458 (C7 H6 O 
N+) 238.08728 (C15 
H12 O2 N+)  
78.95803 (O3 P-) 
96.96867 (H2 O4 
P-) 136.04008 (C7 
H6 O2 N-) 
135.04503 (C8 H7 
O2-) 360.08469 
(C14 H19 O8 N P-) 
478.12738 (C29 
H20 O6 N-) 
tyramine, 
anthranilic acid, 
phenylacetic acid 
d2 from d2-L-Tyrosine 
C26H35N2O11P 7.92  tyglu#14 583.20625 581.19057 109.02870 (C6 H5 
O2+) 120.04459 (C7 
H6 O N+) 138.05489 
(C7 H8 O2 N+) 
204.10226 (C12 H14 
O2 N+) 257.12808 
(C15 H17 O2 N2+) 
348.14429 (C18 H22 
O6 N+) 
78.95802 (O3 P-) 
96.96866 (H2 O4 
P-) 101.05991 (C5 
H9 O2-) 136.04047 
(C7 H6 O2 N-) 
444.14252 (C19 
H27 O9 N P-) 
tyramine, 
anthranilic acid, 
(iso)valeric acid 
 
C28H31N2O11P 7.97  tyglu#16 603.17495 601.15927 105.03380 (C7 H5 
O+) 120.04455 (C7 
H6 O N+) 138.05487 
(C7 H8 O2 N+) 
224.07047 (C14 H10 
O2 N+) 257.12775 
(C15 H17 O2 N2+) 
368.11160 (C20 H18 
78.95805 (O3 P-
)96.96869 (H2 O4 
P-) 121.02914 (C7 
H5 O2-) 136.03978 
(C7 H6 O2 N-) 
464.11099 (C21 
H23 O9 N P-)  
tyramine, 
anthranilic acid, 
carboxy-benzyl 
d2 from d2-L-Tyrosine 
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O6 N+)  
C21H27N2O10P 5.40 26 tyglu#4 499.14874 497.13306 120.04459 (C7 H6 O 
N+) 138.05487 (C7 
H8 O2 N+) 
138.09137 (C8 H12 O 
N+) 257.12814 (C15 
H17 O2 N2+) 
264.08633 (C13 H14 
O5 N+) 
78.95802 (O3 P-) 
96.96870 (H2 O4 
P-) 136.04005 (C7 
H6 O2 N-) 
223.00053 (C6 H8 
O7 P-) 360.08472 
(C14 H19 O8 N P-) 
tyramine,anthranilic 
acid 
d2 from d2-L-Tyrosine 
 C28H32N3O11P 7.65  tyglu#44 618.18585 616.17017  78.95802 (O3 P-) 
96.96867 (H2 O4 
P-) 136.03989 (C7 
H6 O2 N-) 
479.12198 (C21 
H24 O9 N2 P-)  
tyramine, 
anthranilic acid (x2) 
 
C27H30N3O11P 6.55  tyglu#6 604.1702 602.15452 106.02901 (C6 H4 O 
N+) 120.04460 (C7 
H6 O N+) 124.03939 
(C6 H6 O2 N+) 
138.05513 (C7 H8 O2 
N+) 166.04988 (C8 
H8 O3 N+)  
257.12781 (C15 H17 
O2 N2+)  
78.95781 (O3 P-) 
96.96851 (H2 O4 
P-) 223.00017 (C6 
H8 O7 P-) 
381.09375 (C16 
H17 O9 N2-) 
534.17279 (C22 
H33 O12 N P-) 
tyramine, 
anthranilic acid, 
nicotinic acid 
d2 from d2-L-Tyrosine 
 C26H33N2O11P 7.67  tyglu#8 581.1906 579.17492 83.04968 (C5 H7 O+) 
120.04460 (C7 H6 O 
N+) 138.05479 (C7 
H8 O2 N+) 
257.12848 (C15 H17 
O2 N2+)  
78.95779 (O3 P-) 
96.96852 (H2 O4 
P-) 99.04408 (C5 
H7 O2-) 136.03972 
(C7 H6 O2 N-) 
442.12637 (C19 
H25 O9 N P-)  
tyramine, 
anthranilic acid, 
tiglic acid 
d2 from d2-L-Tyrosine 
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Table 2. BLASTp results from the WormBase BLAST engine when searching against 824 
the amino acid sequence of UAR-1 and CRISPR/Cas9 targets for this study (red). . 825 
Sequence Score E-value 
C01B10.10  280    2e-75 
C01B10.4a  260    2e-69 
T22D1.11  248    7e-66 
C42D4.2  233    4e-61 
C17H12.4  231    1e-60 
C23H4.4a  225  8e-59 
C23H4.7  199    6e-51 
C23H4.3  194    1e-49 
E01G6.3  193    3e-49 
C23H4.2  168    1e-41 
T02B5.1  157    2e-38 
F15A8.6a  154    1e-37 
F15A8.6b  154    1e-37 
ZC376.3  153    3e-37 
T02B5.3  150    2e-36 
ZC376.2b  148    1e-35 
ZC376.2a  147    2e-35 
F56C11.6b  141    1e-33 
F56C11.6a  137    2e-32 
Y71H2AM.13 136    5e-32 
ZC376.1  135    1e-31 
R173.3 r 129    6e-30 
T07H6.1a  127    2e-29 
T28C12.4a  124    1e-28 
T28C12.4b  124    2e-28 
K07C11.4  119    6e-27 
R12A1.4  118    1e-26 
K11G9.2  116    4e-26 
02B12.4  115    8e-26 
Y75B8A.3  114    3e-25 
Y48B6A.8  113    4e-25 
F13H6.3  111    2e-24 
Y48B6A.7  109    5e-24 
09B12.1  108    9e-24 
K11G9.1  108    2e-23 
ZC376.2c  105    7e-23 
F07C4.12b  105    7e-23 
C52A10.1  101    1e-21 
Y44E3A.2  101    2e-21 
K11G9.3   99    1e-20 
C52A10.2   97    3e-20 
C40C9.5d   96    6e-20 
C40C9.5b   96    6e-20 
C40C9.5a   96    6e-20 
F55D10.3   96    1e-19 
C40C9.5f   94    2e-19 
C01B10.4b   94    2e-19 
C40C9.5g   94    2e-19 
C40C9.5c   94    3e-19 
C40C9.5e   94    3e-19 
B0238.7   93    4e-19 
B0238.1   92    1e-18 
F55F3.2b   83    6e-16 
F55F3.2a   83    7e-16 
C23H4.4b   50    5e-06 
Y43F8A.3a   42    0.002 
Y43F8A.3b   35    0.18  
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Table 3. List of C. elegans strains used in this study. 826 
 827 
Strain Name Identifier Description Associated Metabolites  
PS8031 cest-1.1 (sy1180) cest-1.1 null uglas#1 uglas#11 
PS8032 cest-1.1 (sy1181) cest-1.1 null uglas#1 uglas#11 
PS8259 cest-1.1 (sy1180 sy1250) 
cest-1.1 null reverted to WT 
sequence 
uglas#1 uglas#11 
PS8260 cest-1.1 (sy1180 sy1251) 
cest-1.1 null reverted to WT 
sequence 
uglas#1 uglas#11 
PS8261 cest-1.1 (sy1181 sy1252) 
cest-1.1 null reverted to WT 
sequence 
 uglas#1 uglas#11 
PS8262 cest-1.1 (sy1181 sy1253) 
cest-1.1 null reverted to WT 
sequence 
 uglas#1 uglas#11 
PS8008 cest-2.2 (sy1170) cest-2.2 null ascr#8, ascr#81, ascr#82 
PS8009 cest-2.2(sy1171) cest-2.2 null ascr#8, ascr#81, ascr#82 
PS8236 cest-2.2(sy1170 sy1236) 
cest-2.2 null reverted to WT 
sequence 
ascr#8, ascr#81, ascr#82 
PS8238 cest-2.2(sy1171 sy1238) 
cest-2.2 null reverted to WT 
sequence 
ascr#8, ascr#81, ascr#82 
PS8116 cest-4 (sy1192) cest-4 null  iglu class modular glucosides 
PS8117 cest-4(sy1193) cest-4 null iglu class modular glucosides 
JJ1271 glo-1 (zu437) glo-1 null 
Most known modular 
ascarosides/glucosides 
PS8781 cest-4 (sy1192) 
cest-4 null reverted to WT 
sequence 
iglu class modular glucosides 
PS8782 cest-4 (sy1193) 
cest-4 null reverted to WT 
sequence 
iglu class modular glucosides 
PS8783 cest-4 (sy1194) 
cest-4 null reverted to WT 
sequence 
iglu class modular glucosides 
PS8784 cest-4 (sy1195) 
cest-4 null reverted to WT 
sequence 
iglu class modular glucosides 
PS8515 CBR-glo-1-A (sy1382) C. briggsae glo-1 null 
Most known modular 
ascarosides/glucosides 
PS8516 CBR-glo-1-B (sy1383) C. briggsae glo-1 null 
Most known modular 
ascarosides/glucosides 
PS8029 cest-19(sy1178) cest-19 null Undetermined 
PS8030 cest-19(sy1179) cest-19 null Undetermined 
PS8033 cest-33(sy1182) cest-33 null Undetermined 
PS8034 cest-33(sy1183) cest-33 null Undetermined 
RB2053 ges-1 (ok2716) ges-1 null Undetermined 
RB1804 cest-6(ok2338) cest-6 null Undetermined 
DP683 cest-1.1(dp683)  cest-1.1 (S213A) point mutant uglas#1 uglas#11 
FCS02 cest-2.2-mCherry cest-2.2 C-terminal mCherry ascr#8, ascr#81, ascr#82 
 828 
 829 
 830 
 831 
  832 
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Table 4. DNA oligonucleotides used for this study. 833 
 834 
Target 
Gene 
Sequence 
Name 
Strain Allelle Guide 
Sequence 
ssDNA Repair Oligonucleotide Sequence 
cest-1.1 T02B5.1 PS8031, 
PS8032 
sy1180, 
sy1181 
ACTCCTTCCCA
TGATTTCGG 
TATTCATTTGTTACCAAAACTCCTTCCCATGATTT
GCTAGCTTATCACTTAGTCACCTCTGCTCTGGAC
AAACTTCCCCGGTGGACGGGGTTTTCGATATCGA
AGGTCTCCAATTG 
cest-2.2 ZC376.2 PS8008, 
PS8009 
sy1170, 
sy1171 
GGAGGCGAAG
GAGTATAAAG 
CCCTGGGACGGAGTTTTGGAGGCGAAGGAGTAT
AGGGAAGTTTGTCCAGAGCAGAGGTGACTAAGT
GATAAGCTAGCAAGCGGCTTGTATGAGTGATCAG
AAGTAAGAGATA 
cest-4 C17H12.4 PS8116, 
PS8117 
sy1192, 
sy1193 
ACTCCGGTCCA
TTTCTCAGG 
CATACCTTTTGCATTTCTCACTCCGGTCCATTTCT
CGCTAGCTTATCACTTAGTCACCTCTGCTCTGGA
CAAACTTCCCAGGCGGTTCTGGTTTTTGAAATCTT
AATTTTCCAATTG 
 835 
 836 
 837 
 838 
 839 
 840 
 841 
 842 
 843 
 844 
 845 
 846 
 847 
 848 
 849 
 850 
 851 
 852 
 853 
  854 
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Table 5. NMR spectroscopic data for iglu#3 (34). 1H (600 MHz), HSQC, and HMBC NMR 855 
spectroscopic data were acquired in methanol-d4. Chemical shifts were referenced to 856 
δ(CHD2OD) = 3.31 ppm and δ(
13CHD2OD) = 49.00 ppm. 857 
 858 
Position δ 13C ppm] δ 1H [ppm] JHH[Hz]) HMBC 
1 86.9 5.51 (J1,2 = 9.3) C-2, C-3, C-5, C-2’, C-9’ 
2 73.0 3.99 (J2,3 = 9.0) C-1, C-3 
3 78.7 3.65 (J3,4 = 9.0) C-4 
4 71.3 3.64 (J4,5 = 9.1) C-3 
5 77.5 3.91 (J5,6a = 5.5) C-4 
6a 64.1 4.43 (J6a,6b = 12.1) C-5, C-1′′ 
6b  4.67 (J5,6b = 2.2) C-4, C-1′′ 
2′ 126.3 7.37 (J2’,3’ = 3.3) C-1 (weak), C-3', C-4’, C-8’ (weak), C-9’ 
3′ 102.9 6.48  
4′ 130.4   
5′ 121.4 7.52 (J5’,6’ = 8.0) C-3’, C-7’, C-9’ 
6′ 120.8 
7.03 (J6’,7’ = 7.4, 
J3’,6’ = 1.1) 
C-4’, C-8’ 
7′ 122.4 7.06 C-5’, C-9’ 
8′ 111.5 7.53 C-4’, C-6’ 
9′ 137.5   
1′′ 168.6   
2′′ 112.8   
3′′ 132.1 
7.90 (J3’’,4’’ = 8.2, 
J3’’,5’’ = 1.4) 
C-1’’, C-5’’, C-7’’ 
4′′ 118.2 6.73 (J4’’,5’’ = 7.6) C-2’’, C-6’’ 
5′′ 135.0 7.32 (J5’’,6’’ = 7.8) C-3’’, C-7’’ 
6′′ 118.6 6.84 C-2’’, C-4’’ 
7′′ 149.9   
 859 
 860 
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Table 6. NMR spectroscopic data for iglu#5 (SI-2). 1H (600 MHz), HSQC, and HMBC NMR 861 
spectroscopic data were acquired in methanol-d4. Chemical shifts were referenced to 862 
δ(CHD2OD) = 3.31 ppm and δ(
13CHD2OD) = 49.00 ppm. 863 
 864 
Position δ 13C ppm] δ 1H [ppm] JHH[Hz]) HMBC 
1 86.9 5.51 (J1,2 = 9.2) C-2, C-3, C-5, C-2’, C-9’ 
2 73.0 4.00 (J2,3 = 9.0) C-1, C-3 
3 78.7 3.65 (J3,4 = 9.0) C-4 
4 71.4 3.63 (J4,5 = 8.9) C-3 
5 77.4 3.95 (J5,6a = 5.8) C-4 
6a 65.3 4.51 (J6a,6b = 12.1) C-4, C-5, C-1′′ 
6b  4.75 (J5,6b = 2.3) C-4, C-5, C-1′′ 
2′ 126.4 7.37 (J2’,3’ = 3.5) C-3', C-4’, C-9’ 
3′ 103.1 6.47 C-2', C-4’, C-9’ 
4′ 130.5   
5′ 121.4 7.51 (J5’,6’ = 7.9) C-4’, C-6’, C-9’ 
6′ 120.8 
7.01 (J6’,7’ = 7.5, 
J3’,6’ = 1.2) 
C-4’, C-8’ 
7′ 122.5 7.05 C-4’, C-5’, C-8’, C-9’ 
8′ 111.4 7.49 C-4’, C-6’ 
9′ 137.6   
1′′ 165.8   
2′′ 127.7   
3′′ 150.8 
9.12 (J3’’,6’’ = 0.5, 
J3’’,7’’ = 2.0) 
C-2’’, C-5’’, C-7’’ 
5′′ 153.7 
8.74 (J5’’,6’’ = 4.9, 
J5’’’,7’’ = 1.7) 
C-3’’, C-6’’, C-7’’ 
6′′ 125.1 7.54 (J6’’’,7’’ = 8.0) C-2’’, C-5’’ 
7′′ 138.9 8.37 C-1’’, C-2’’, C-5’’ 
 865 
 866 
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Table 7. NMR spectroscopic data for iglu#7 (SI-3). 1H (600 MHz), HSQC, and HMBC NMR 867 
spectroscopic data were acquired in methanol-d4. Chemical shifts were referenced to 868 
δ(CHD2OD) = 3.31 ppm and δ(
13CHD2OD) = 49.00 ppm. 869 
 870 
Position δ 13C ppm] δ 1H [ppm] JHH[Hz]) HMBC 
1 86.9 5.46 (J1,2 = 9.1) C-2, C-3, C-5, C-2’, C-9’ 
2 73.2 3.96 (J2,3 = 9.0) C-1, C-3 
3 78.9 3.61 (J3,4 = 9.0) C-2, C-4 
4 71.4 3.55 (J4,5 = 9.6) C-3, C-5, C-6 
5 77.6 3.81 (J5,6a = 5.6) C-1 (weak), C-3, C-4 
6a 64.5 4.27 (J6a,6b = 11.9) C-4, C-5, C-1′′ 
6b  4.49 (J5,6b = 2.2) C-4, C-5, C-1′′ 
2′ 126.6 7.35 (J2’,3’ = 3.5) 
C-1 (weak), C-3', C-4’, C-5’ (weak), C-8’ 
(weak), C-9’ 
3′ 103.2 6.48  
4′ 130.6   
5′ 121.6 7.53 (J5’,6’ = 7.9) C-3’, C-7’, C-9’ 
6′ 120.9 
7.05 (J6’,7’ = 7.5,  
J3’,6’ = 1.1) 
C-4’, C-8’, C-9’ (weak) 
7′ 122.5 7.11 C-5’, C-8’ (weak), C-9’ 
8′ 111.7 7.50 C-4’, C-6’ 
9′ 137.6   
1′′ 169.2   
2′′ 129.3   
3′′ 138.9 6.87 (J3’’,4’’ = 6.8) C-1’’, C-4’’, C-5’’ 
4′′ 14.2 1.79 C-2’’, C-3’’ 
5′′ 11.9 1.81 C-1’’, C-2’’, C-3’’ 
 871 
 872 
 873 
 874 
  875 
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Table 8. NMR spectroscopic data for iglu#9 (SI-4). 1H (600 MHz), HSQC, and HMBC NMR 876 
spectroscopic data were acquired in methanol-d4. Chemical shifts were referenced to 877 
δ(CHD2OD) = 3.31 ppm and δ(
13CHD2OD) = 49.00 ppm. 878 
 879 
Position δ 13C ppm] δ 1H [ppm] JHH[Hz]) HMBC 
1 86.9 5.47 (J1,2 = 9.1) C-2, C-3, C-5, C-2’, C-9’ 
2 73.2 3.96 (J2,3 = 9.0) C-1, C-3 
3 78.7 3.62 (J3,4 = 9.8) C-4 
4 71.3 3.61 (J4,5 = 9.7) C-3 
5 77.9 3.86 (J5,6a = 5.7)  
6a 63.9 4.38 (J6a,6b = 11.9) C-5, C-1′′ 
6b  4.68 (J5,6b = 2.1) C-4, C-1′′ 
2′ 126.6 7.36 (J2’,3’ = 3.4) C-3', C-4’, C-9’ 
3′ 103.1 6.47 C-2', C-4’, C-9’ 
4′ 130.6   
5′ 121.4 7.52 (J5’,6’ = 7.8) C-7’, C-9’ 
6′ 120.8 
7.02 (J6’,7’ = 7.3,  
J3’,6’ = 1.2) 
C-4’, C-8’ 
7′ 122.4 7.05 C-5’, C-9’ 
8′ 111.6 7.50 C-4’, C-6’ 
9′ 137.4   
1′′ 162.4   
2′′ 123.0   
4′′ 124.7 
6.96 (J4’’,5’’ = 2.5,  
J4’’,6’’ = 1.4) 
C-2’’, C-5’’, C-6’’ 
5′′ 110.6 6.20 (J5’’,6’’ = 3.8) C-2’’(weak), C-4’’(weak) 
6′′ 116.8 6.90 C-2’’, C-4’’, C-5’’ 
 880 
 881 
 882 
 883 
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Table 9. List of all modular metabolites referred to in the text and Figures. 884 
Compound 
number 
SMID ID IUPAC Name Evidence Structure 
1 icas#3 (R)-8-(((2R,3R,5R,6S)-5-((1H-indole-
3-carbonyl)oxy)-3-hydroxy-6-
methyltetrahydro-2H-pyran-2-
yl)oxy)nonanoic acid 
Previously identified via 
synthesis (Srinivasan et al. 
2012)
16
 
 
2 ascr#8 4-((R,E)-6-(((2R,3R,5R,6S)-3,5-
dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)hept-2-
enamido)benzoic acid 
Previously identified via 
synthesis (Pungaliya et al. 
2008)
13
 
 
3 uglas#11 (2R,3R,4S,5R,6R)-5-hydroxy-6-
(hydroxymethyl)-4-(phosphonooxy)-
2-(2,6,8-trioxo-1,2,6,7,8,9-
hexahydro-3H-purin-3-yl)tetrahydro-
2H-pyran-3-yl (R)-6-
(((2R,3R,5R,6S)-3,5-dihydroxy-6-
methyltetrahydro-2H-pyran-2-
yl)oxy)heptanoate 
Previously identified via 
synthesis (Curtis et al. 
2020)
12
 
 
4 ubas#3 (R)-4-(((2R,3R,5R,6S)-3-hydroxy-6-
methyl-5-(((R)-2-methyl-3-
ureidopropanoyl)oxy)tetrahydro-2H-
pyran-2-yl)oxy)pentanoic acid 
Previously inferred via 
tandem mass spectrometry 
(Falcke et al. 2018)
26
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5 ascr#1 (R)-6-(((2R,3R,5R,6S)-3,5-
dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)heptanoic acid 
Previously identified via NMR 
and synthesis (Jeong et al. 
2005)
7
 
 
6 gluric#1 3-((2R,3R,4S,5S,6R)-3,4,5-
trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-
2-yl)-7,9-dihydro-1H-purine-
2,6,8(3H)-trione 
Previously identified via 
synthesis (Curtis et al. 
2020)
12
 
 
7 ascr#7 (R,E)-6-(((2R,3R,5R,6S)-3,5-
dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)hept-2-enoic acid 
Previously identified via 
synthesis (Pungaliya et al. 
2008)
13
 
 
8 PABA 4-aminobenzoic acid Commercial product (Sigma-
Aldrich) 
 
9 ascr#3 (R,E)-8-(((2R,3R,5R,6S)-3,5-
dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)non-2-enoic acid 
Previously identified via 
synthesis (Butcher et al. 
2007)
6
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10 ascr#10 (R)-8-(((2R,3R,5R,6S)-3,5-
dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)nonanoic acid 
Previously identified via 
synthesis (Srinivasan et al. 
2012)
16
 
 
11  1H-indole-3-carboxylic acid Commercial product (Sigma-
Aldrich) 
 
12  (R)-4-((2-hydroxy-2-(4-
hydroxyphenyl)ethyl)amino)-4-
oxobutanoic acid 
Identified via synthesis (This 
manuscript) 
 
13 iglas#1 ((2R,3S,4S,5R,6R)-3,4,5-trihydroxy-
6-(1H-indol-1-yl)tetrahydro-2H-
pyran-2-yl)methyl (R)-6-
(((2R,3R,5R,6S)-3,5-dihydroxy-6-
methyltetrahydro-2H-pyran-2-
yl)oxy)heptanoate 
Previously identified via 
synthesis (Artyukhin et al. 
2018)
2
 
 
14 glas#10 (2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-
2-yl (R)-8-(((2R,3R,5R,6S)-3,5-
dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)nonanoate 
Previously identified via NMR 
and synthesis (Coburn et al. 
2013)
69
 
 
50 
 
15 iglu#1 (2R,3S,4S,5R,6R)-2-
(hydroxymethyl)-6-(1H-indol-1-
yl)tetrahydro-2H-pyran-3,4,5-triol 
Previously identified via NMR 
and synthesis (Coburn et al. 
2013)
69
 
 
16 iglu#2 (2R,3R,4S,5R,6R)-3,5-dihydroxy-2-
(hydroxymethyl)-6-(1H-indol-1-
yl)tetrahydro-2H-pyran-4-yl 
dihydrogen phosphate 
Previously identified via NMR 
(Coburn et al. 2013)
69
 
 
17 angl#1 (2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-
2-yl 2-aminobenzoate 
Previously identified via NMR 
and synthesis (Coburn et al. 
2013)
69
 
 
18 angl#2 (2S,3R,4S,5R,6R)-3,5-dihydroxy-6-
(hydroxymethyl)-4-
(phosphonooxy)tetrahydro-2H-pyran-
2-yl 2-aminobenzoate 
Previously identified via NMR 
(Coburn et al. 2013)
69
 
 
19 iglu#4 ((2R,3R,4S,5R,6R)-3,5-dihydroxy-6-
(1H-indol-1-yl)-4-
(phosphonooxy)tetrahydro-2H-pyran-
2-yl)methyl 2-aminobenzoate 
Proposed structure, based on 
identification of non-
phosphorylated derivative 
(34) via synthesis (This 
manuscript) 
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20 iglu#6 ((2R,3R,4S,5R,6R)-3,5-dihydroxy-6-
(1H-indol-1-yl)-4-
(phosphonooxy)tetrahydro-2H-pyran-
2-yl)methyl nicotinate 
Proposed structure, based on 
identification of non-
phosphorylated derivative (SI-
2) via synthesis (This 
manuscript) 
 
21 iglu#8 ((2R,3R,4S,5R,6R)-3,5-dihydroxy-6-
(1H-indol-1-yl)-4-
(phosphonooxy)tetrahydro-2H-pyran-
2-yl)methyl (E)-2-methylbut-2-enoate 
Proposed structure, based on 
identification of non-
phosphorylated derivative (SI-
3) via synthesis (This 
manuscript) 
 
22 iglu#10 ((2R,3R,4S,5R,6R)-3,5-dihydroxy-6-
(1H-indol-1-yl)-4-
(phosphonooxy)tetrahydro-2H-pyran-
2-yl)methyl 1H-pyrrole-2-carboxylate 
Proposed structure, based on 
identification of non-
phosphorylated derivative (SI-
4) via synthesis (This 
manuscript) 
 
23 iglu#12 ((2R,3R,4S,5R,6R)-3,5-dihydroxy-6-
(1H-indol-1-yl)-4-
(phosphonooxy)tetrahydro-2H-pyran-
2-yl)methyl benzoate 
Proposed structure. Inferred 
via tandem mass 
spectrometry (This 
manuscript) 
 
24 iglu#41 (2R,3R,4S,5R,6R)-6-(((2-
aminobenzoyl)oxy)methyl)-5-
hydroxy-2-(1H-indol-1-yl)-4-
(phosphonooxy)tetrahydro-2H-pyran-
3-yl 1H-pyrrole-2-carboxylate 
Proposed structure. Inferred 
from iglu#3 (34) via tandem 
mass spectrometry (This 
manuscript) 
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25 angl#4 ((2R,3R,4S,5R,6S)-6-((2-
aminobenzoyl)oxy)-3,5-dihydroxy-4-
(phosphonooxy)tetrahydro-2H-pyran-
2-yl)methyl 2-aminobenzoate 
Proposed structure. Inferred 
from angl#3 (SI 5) via tandem 
mass spectrometry (This 
manuscript) O
HO
H2O3PO
OH
O
O
O
H2N
ONH2
 
26 tyglu#4 ((2R,3R,4S,5R,6R)-5-((2-
aminobenzoyl)oxy)-3-hydroxy-6-((4-
(2-aminoethyl)phenoxy)-4-
(phosphonooxy)tetrahydro-2H-pyran-
2-yl)methyl 2-aminobenzoate 
Proposed structure. Initially 
described (O’Donnell et al. 
2020)
35
 and further inferred 
via tandem mass 
spectrometry (This 
manuscript) 
 
 
O
HO
H2O3PO
O
O
O
ONH2
O NH2
H2N
  
27 ascr#81 (4-((R,E)-6-(((2R,3R,5R,6S)-3,5-
dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)hept-2-
enamido)benzoyl)-L-glutamic acid 
Identified via synthesis 
(Artyukhin et al. 2018)
2
 
 
28 ascr#82 ((S)-4-carboxy-4-(4-((R,E)-6-
(((2R,3R,5R,6S)-3,5-dihydroxy-6-
methyltetrahydro-2H-pyran-2-
yl)oxy)hept-2-
enamido)benzamido)butanoyl)-L-
glutamic acid 
Previously inferred via 
tandem mass spectrometry 
(Artyukhin et al. 2018)
2
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29 PABA-glu (4-aminobenzoyl)-L-glutamic acid Identified via synthesis (This 
manuscript) 
 
30 uglas#1 (2R,3R,4S,5S,6R)-4,5-dihydroxy-6-
(hydroxymethyl)-2-(2,6,8-trioxo-
1,2,6,7,8,9-hexahydro-3H-purin-3-
yl)tetrahydro-2H-pyran-3-yl (R)-6-
(((2R,3R,5R,6S)-3,5-dihydroxy-6-
methyltetrahydro-2H-pyran-2-
yl)oxy)heptanoate 
Identified via synthesis (Curtis 
et al. 2020)
12
 
 
31 uglas#14 ((2R,3S,4S,5R,6R)-3,4,5-trihydroxy-
6-(2,6,8-trioxo-1,2,6,7,8,9-
hexahydro-3H-purin-3-yl)tetrahydro-
2H-pyran-2-yl)methyl (R)-6-
(((2R,3R,5R,6S)-3,5-dihydroxy-6-
methyltetrahydro-2H-pyran-2-
yl)oxy)heptanoate 
Identified via synthesis (Curtis 
et al. 2020)
12
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32 uglas#15 ((2R,3R,4S,5R,6R)-3,5-dihydroxy-4-
(phosphonooxy)-6-(2,6,8-trioxo-
1,2,6,7,8,9-hexahydro-3H-purin-3-
yl)tetrahydro-2H-pyran-2-yl)methyl 
(R)-6-(((2R,3R,5R,6S)-3,5-
dihydroxy-6-methyltetrahydro-2H-
pyran-2-yl)oxy)heptanoate 
Previously inferred via 
tandem mass spectrometry 
(Artyukhin et al. 2018 and 
Curtis et al. 2020)
2,12
 
 
33  2-aminobenzoic acid Commercial product (Sigma-
Aldrich) 
 
34 iglu#3 ((2R,3S,4S,5R,6R)-3,4,5-trihydroxy-
6-(1H-indol-1-yl)tetrahydro-2H-
pyran-2-yl)methyl 2-aminobenzoate 
Identified via synthesis (This 
manuscript) 
 
35 icas#2 (2S,3R,5R,6R)-5-hydroxy-2-methyl-
6-(((R)-5-oxohexan-2-
yl)oxy)tetrahydro-2H-pyran-3-yl 1H-
indole-3-carboxylate 
Identified via synthesis (Dong 
et al. 2016)
23
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36 icas#6.2 (2S,3R,5R,6R)-5-hydroxy-6-
(((2R,5S)-5-hydroxyhexan-2-yl)oxy)-
2-methyltetrahydro-2H-pyran-3-yl 
1H-indole-3-carboxylate 
Identified via synthesis (Dong 
et al. 2016)
23
 
 
SI 1  2-((tert-butoxycarbonyl)-
amino)benzoic acid 
Characterized via synthesis 
(This manuscript) 
 
SI 2 iglu#5 ((2R,3S,4S,5R,6R)-3,4,5-trihydroxy-
6-(1H-indol-1-yl)tetrahydro-2H-
pyran-2-yl)methyl nicotinate 
Identified via synthesis (This 
manuscript) 
 
SI 3 iglu#7 ((2R,3S,4S,5R,6R)-3,4,5-trihydroxy-
6-(1H-indol-1-yl)tetrahydro-2H-
pyran-2-yl)methyl (E)-2-methylbut-2-
enoate 
Identified via synthesis (This 
manuscript) 
 
SI 4 iglu#9 ((2R,3S,4S,5R,6R)-3,4,5-trihydroxy-
6-(1H-indol-1-yl)tetrahydro-2H-
pyran-2-yl)methyl 1H-pyrrole-2-
carboxylate 
Identified via synthesis (This 
manuscript) 
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SI 5 angl#3 ((2R,3S,4S,5R,6S)-6-((2-
aminobenzoyl)oxy)-3,4,5-
trihydroxytetrahydro-2H-pyran-2-
yl)methyl 2-aminobenzoate 
Proposed structure based on 
synthesis of a reference 
sample for MS (This 
manuscript) 
 
SI 6 tyglu#6 (2R,3R,4S,5S,6R)-6-(((2-
aminobenzoyl)oxy)methyl)-2-((4-(2-
aminoethyl)-phenoxy)-5-hydroxy-4-
(phosphonooxy)-tetrahydro-2H-
pyran-3-yl nicotinate  
Proposed structure. Initially 
described (O’Donnell et al. 
2020)
35
 and further inferred 
via tandem mass 
spectrometry (This 
manuscript) 
 
O
HO
H2O3PO
O
O
O
ONH2
O
N
H2N
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 887 
Figure1-source data 1. Source data for Figure 1d. Attached as a separate file. 888 
 889 
Figure 1-figure supplement 2-source data 1. Source data for Figure 1-figure 890 
supplement 2. Attached as a separate file. 891 
 892 
Figure 2-figure supplement 5-source data 1. Source data for Figure 2-figure 893 
supplement 5a-f. Attached as a separate file. 894 
 895 
Figure 2-figure supplement 7-source data 1. Source data for Figure 2-figure 896 
supplement 7. Attached as a separate file. 897 
 898 
Figure 2-figure supplement 8-source data 1. Source data for Figure 2-figure 899 
supplement 8a-d. Attached as a separate file. 900 
 901 
Figure 2-figure supplement 9-source data 1. Source data for Figure 2-figure 902 
supplement 9. Attached as a separate file. 903 
 904 
Figure 3-source data 1. Source data for Figure 3c,e,f,g,I,j. Attached as a separate file. 905 
 906 
Figure 3-figure supplement 1-source data 1. Source data for Figure 3-figure 907 
supplement 1. Attached as a separate file. 908 
 909 
Figure 3-figure supplement 4-source data. Source data for Figure 3-figure 910 
supplement 4. Attached as a separate file. 911 
 912 
Figure 4-source data 1. Source data for Figure 4a. Attached as a separate file. 913 
 914 
Figure 5-source data 1. Source data for Figure 5a-b. Attached as a separate file. 915 
 916 
 917 
 918 
Supplementary files 919 
Supplementary file 1. NMR spectra appendix. NMR spectra of synthetic intermediates and 920 
newly identified metabolites.  921 
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292.197
241.153
155.081
118.086
97.101
816.548
655.526
512.116
444.285
361.197
291.14
239.163
154.989
118.086
95.085
808.583
650.4
508.338
441.296
358.366
289.251
236.127
154.989
118.086
95.085
806.566
643.526
506.176
440.275
355.069
287.276
234.084
153.127
118.064
95.085
804.55
639.497
503.106
437.267
353.303
286.089
231.133
153.126
115.111
90.526
794.567
634.405
501.125
434.265
349.146
284.293
227.994149.044
115.111
90.525
792.55
632.162
499.279
431.314
348.046
283.099
227.09
147.043
115.111
90.525
789.645
625.517
498.133
429.087
346.088
281.105
225.147
144.981
113.963
88.023
786.598
623.463
496.135
425.155
341.599
281.05
223.106
144.043
113.963
87.08
782.567
618.183
494.322
421.363
339.288
281.049
223.062
141.958
113.096
87.08
780.551
609.522
492.366
418.316
337.272
279.267
220.059
141.958
113.095
87.004
774.599
603.494
490.181
415.319
333.288
278.185
218.08
140.033
111.116
85.028
770.604
596.293
487.279
412.763
331.127
276.144
215.047
139.987
110.02
84.959
768.551
590.27
485.285
410.303
328.283
274.175
211.143
139.111
109.101
84.959
766.535
581.306
483.476
405.444
326.173
272.542
208.071
137.132
109.101
83.085
758.11
578.234
482.322
400.34
324.143
270.278
204.101
136.075
109.064
83.049
754.535
574.311
480.307
398.325
320.134
269.137
201.138
133.926
104.107
81.52
750.541
568.471
479.119
397.308
317.246
268.244
198.159
131.929
104.106
81.07
744.587
564.195
477.426
396.104
315.11
268.226
196.096
130.966
103.054
81.07
742.535
560.223
474.259
394.403
312.324
266.101
193.138
130.966
102.033
79.021
730.572
555.173
472.34
391.162
310.272
264.085
186.112
129.127
101.096
79.018
730.571
550.251
468.343
386.194
309.097
262.106
184.072
128.95
101.096
78.034
727.364
546.244
466.291
381.35
308.148
260.127
184.072
125.986
101.096
957.591
718.572
542.321
464.335
380.109
306.143
258.111
182.984
125.985
99.531
880.605
712.327
538.385
463.211
379.099
303.23
255.23
180.101
124.999
99.531
861.303
704.52
536.332
462.199
376.258
302.195
252.122
174.991
124.086
99.08
848.614
698.305
533.276
460.241
376.258
300.23
250.142
171.137
124.039
99.08
844.545
691.311
528.374
457.224
372.309
299.109
249.004
168.01
123.116
98.512
838.557
685.607
524.378
454.388
371.099
298.099
246.147
166.071
121.077
98.512
832.583
679.583
522.206
452.35
368.277
297.081
245.228
163.049
120.08
98.512
832.237
674.339
519.137
449.361
366.205
297.081
245.077
159.968
120.044
97.991
828.55
666.374
516.403
448.326
364.168
294.597
243.068
158.96
118.086
97.101
822.642
662.437
514.424
446.228
363.065
292.189
241.153
155.069
118.085
97.101
816.548
655.526
511.279
444.236
361.197
291.132
239.163
154.989
118.086
95.085
808.583
650.324
508.338
441.296
358.293
289.251
236.127
154.989
118.086
95.085
806.566
643.526
505.458
440.275
355.069
287.276
234.075
153.127
118.064
95.085
804.551
639.494
503.106
437.226
353.303
286.088
231.112
153.101
115.111
90.526
794.566
634.405
501.101
434.225
349.146
284.293
227.994
149.044
115.111
90.525
792.55
632.159
499.279
431.314
348.046
283.092
227.09
146.98
115.111
90.525
789.645
625.517
498.125
428.68
345.335
281.105
225.137
144.981
113.963
88.023
786.598
623.337
496.134
425.155
341.351
281.05
223.107
144.043
113.963
87.08
782.567
617.51
494.322
421.315
339.288
281.049
223.062
141.958
113.096
87.08
780.551
609.522
492.343
418.316
337.272
279.267
220.059
141.958
113.095
87.004
774.599
603.494
490.145
415.155
333.288
278.184
218.08
140.033
111.116
85.028
770.568
596.293
487.213
412.413
331.127
276.143
214.154
139.987
110.02
84.959
768.549
590.241
485.285
410.303
328.266
274.142
211.143
139.111
109.101
84.959
766.535
581.241
483.356
405.368
326.173
272.293
208.071
137.132
109.101
83.085
757.382
578.234
482.322
400.32
324.14
270.278
204.101
136.075
107.049
83.049
754.536
574.311
480.306
398.288
320.134
269.137
201.101
133.926
104.107
81.52
750.541
568.455
478.366
397.308
317.246
268.244
198.159
131.929
104.106
81.07
744.588
563.501
477.39
396.103
315.107
268.226
196.086
130.966
102.055
81.07
742.145
560.223
474.259
394.308
312.324
266.073
193.094
130.966
102.033
79.018
730.572
555.172
472.34
391.159
310.233
264.085
186.112
129.127
101.096
79.018
730.571
550.202
468.341
386.194
309.094
262.106
184.072
128.017
101.096
77.998
726.541
546.209
466.29
381.35
308.148
260.123
184.072
125.985
101.096
957.235
718.572
542.32
464.335
380.109
306.132
258.111
182.984
125.985
99.531
880.603
711.295
538.288
463.211
379.096
303.23
255.169
180.101
124.999
99.531
860.541
704.52
536.332
462.195
376.258
302.195
252.121
174.148
124.086
99.08
848.614
698.304
533.182
460.241
376.257
300.23
250.14
171.112
124.039
99.08
844.546
691.311
528.373
457.202
372.309
299.098
249.004
167.178
123.116
98.512
838.556
685.479
524.369
454.33
371.099
298.099
246.126
166.071
121.077
98.512
832.583
679.527
522.199
452.346
368.254
297.081
245.228
163.038
120.08
98.512
832.237
672.576
518.402
449.344
366.204
297.081
245.044
159.968
120.044
97.991
828.55
666.374
516.403
448.28
364.137
294.277
243.068
158.96
118.086
97.101
822.641
662.327
514.387
446.225
363.065
292.189
241.153
155.069
118.086
97.101
816.548
655.282
511.174
444.197
360.252
291.132
239.149
154.989
118.086
95.085
808.583
650.302
508.304
441.295
358.293
289.251
236.118
154.989
118.086
95.085
806.566
643.526
505.458
440.195
355.068
287.235
233.96
153.127
118.064
95.085
804.55
639.494
503.105
437.19
353.303
285.566
231.112
153.101
115.111
90.526
794.567
634.405
501.101
434.192
349.146
284.293
227.217
149.044
115.111
90.526
792.551
631.526
499.271
431.314
348.046
283.087
227.08
146.979
115.111
90.525
789.645
625.517
498.114
428.372
345.298
281.105
225.101
144.981
113.963
88.023
786.598
622.405
496.121
425.155
341.303
281.05
223.107
144.043
113.963
87.08
782.567
617.51
494.322
421.306
339.288
281.049
223.062
141.958
113.096
87.08
780.551
609.447
492.343
418.22
337.272
279.25
219.209
141.958
113.095
87.004
774.599
603.29
490.145
415.155
333.288
278.184
218.08
140.033
111.116
84.96
770.567
596.167
487.213
412.413
331.116
276.143
214.143
139.987
110.019
84.959
768.549
590.24
485.285
410.228
328.262
274.117
211.132
139.111
109.101
84.959
766.535
581.187
483.356
405.296
326.158
272.257
208.071
137.132
109.101
83.085
757.379
578.224
482.285
400.32
323.272
270.278
204.092
136.075
107.049
82.537
754.535
574.311
480.306
398.263
320.134
269.137
201.088
132.101
104.107
81.52
750.54
568.335
478.363
397.308
317.246
268.244
198.159
131.929
104.106
81.07
744.587
563.463
477.39
396.104
315.072
268.103
196.082
130.966
102.046
81.07
741.143
560.223
474.259
394.309
312.288
266.062
192.101
130.966
102.033
79.018
730.571
555.171
472.271
391.159
310.233
264.085
186.075
129.127
101.096
79.018
730.571
549.448
468.307
386.194
309.088
262.106
184.072
127.111
101.09677.038
725.546
546.208
466.29
381.35
308.134
260.111
184.072
125.986
101.096
955.575
718.572
542.319
464.335
380.109
306.063
258.109
182.984
125.985
99.531
880.604
710.457
538.221
463.162
379.096
303.23
255.169
180.087
124.999
99.531
860.54
704.52
536.283
462.15
376.258
302.168
252.122
174.09
124.086
99.08
848.614
698.255
533.181
460.199
376.257
300.197
250.115
171.076
124.039
99.08
844.545
690.504
528.343
457.202
372.309
299.099
248.233
167.153
123.116
98.512
838.556
685.478
524.369
454.33
371.099
298.099
246.126
166.072
121.064
98.512
832.583
679.526
522.183
452.331
368.254
297.081
245.228
162.09
120.08
98.512
831.952
672.421
518.401
449.344
366.166
297.081
244.606
159.968
120.044
97.991
828.55
666.359
516.306
448.28
364.137
294.278
243.025
158.96
118.086
97.101
822.641
662.327
514.363
446.179
363.065
292.189
241.153
155.069
118.086
97.101
816.548
655.255
511.164
444.197
360.251
291.132
239.148
154.989
118.086
95.085
808.582
649.573
508.302
441.296
358.148
289.215
236.091
154.989
118.086
95.085
806.566
643.489
505.421
439.413
355.068
287.235
233.225
153.127
118.064
95.049
802.534
639.494
502.351
437.19
352.283
285.277
231.112
153.065
115.111
90.526
794.566
634.369
500.383
434.145
349.143
284.293
227.217
149.044
115.111
90.526
792.551
631.526
499.233
431.313
348.046
283.081
227.08
146.979
115.111
90.525
789.645
625.517
498.113
428.371
345.298
281.1
225.09
144.981
113.963
88.023
786.598
622.405
495.356
425.155
341.303
281.05
223.107
144.043
113.963
87.08
782.566
617.51
494.322
421.218
339.288
281.049
223.062
141.958
113.096
87.08
780.551
609.421
492.306
418.22
337.272
279.249
219.21
141.958
113.095
86.096
774.599
603.172
490.131
415.153
333.241
278.174
218.08
140.033
111.116
84.96
768.633
595.409
487.213
412.34
331.102
276.133
214.143
139.987
110.019
84.959
768.442
589.517
485.285
410.228
328.261
274.117
211.132
139.111
109.101
84.044
766.535
580.432
483.217
405.294
326.158
272.257
207.137
137.132
109.101
83.085
757.108
577.479
482.285
400.319
323.256
270.278
204.089
136.075
106.049
82.537
754.535
574.311
480.307
398.24
320.124
269.137
201.036
132.101
104.107
81.52
750.54
568.335
478.364
397.308
317.246
268.244
198.159
131.117
104.106
81.07
744.587
563.463
477.343
396.103
314.619
268.042
196.059
130.966
102.046
81.07
741.141
560.223
474.259
394.293
312.288
266.015
192.101
130.966
102.033
79.018
730.572
555.16
472.243
391.109
310.212
264.085
186.075
129.09
101.096
79.018
730.571
549.411
468.306
386.194
309.079
262.106
184.072
127.111
101.096
77.038
725.546
545.322
466.291
381.314
308.134
260.102
184.072
125.986
101.096
953.44
718.572
542.234
464.334
380.109
305.294
258.109
182.984
125.985
99.531
880.506
710.436
538.202
463.153
378.323
303.23
255.157
180.087
124.999
99.531
860.54
704.52
536.223
462.15
376.258
302.158
252.108
174.072
124.086
99.08
848.614
698.254
532.338
460.135
376.257
300.18
250.111
171.054
124.039
99.08
844.545
690.504
528.306
456.403
372.273
299.096
248.199
167.142
123.116
98.512
838.556
685.434
524.369
454.33
371.099
298.095
246.126
166.071
121.064
98.512
832.583
679.526
522.172
452.331
368.128
297.081
245.228
162.054
120.08
98.512
831.588
672.421
518.382
449.344
366.165
297.081
244.205
159.968
120.044
97.991
828.55
666.288
516.306
448.241
364.135
294.277
243.025
158.96
118.086
97.101
822.641
662.327
514.362
446.177
363.046
292.189
241.153
155.031
118.086
97.101
812.622
654.374
511.152
444.174
360.251
291.132
239.138
154.989
118.086
95.085
808.582
649.501
508.301
441.296
358.132
289.153
236.091
154.989
118.086
95.085
806.566
643.363
505.421
439.351
355.069
287.235
233.225
153.127
118.064
95.049
802.534
639.229
502.325
437.028
352.259
285.241
231.112
153.065
115.111
90.526
794.566
634.296
500.298
433.476
349.139
284.256
227.217
149.044
115.111
90.526
792.551
631.526
499.212
431.314
348.046
283.067
227.08
146.979
115.111
90.055
789.645
625.517
498.081
428.241
345.129
281.098
225.087
144.981
113.963
88.023
786.598
622.369
495.356
425.155
341.303
281.05
223.106
144.043
113.963
87.08
782.566
617.51
494.322
421.21
339.288
280.984
223.062
141.958
113.096
87.08
780.551
609.183
492.306
418.181
337.272
279.25
219.173
141.958
113.095
86.096
774.599
602.547
489.426
415.131
333.241
278.173
218.08
139.987
111.116
84.96
768.632
595.408
487.136
412.34
331.0
276.122
214.117
139.987
109.52
84.959
766.535
589.517
485.285
409.402
328.262
274.106
211.129
139.111
109.101
84.044
766.535
580.359
483.216
405.161
326.136
272.221
207.112
137.132
109.101
83.085
756.588
577.479
482.273
400.318
323.147
270.278
204.086
136.075
106.028
82.537
754.535
574.311
480.306
398.24
320.118
269.137
200.971
132.101
104.107
81.52
750.541
568.259
478.362
397.308
317.196
268.244
198.102
131.085
104.107
81.07
744.552
563.463
477.343
396.103
314.304
268.042
196.059
130.966
102.033
81.07
739.525
559.517
474.257
394.236
312.215
266.009
192.064
130.966
102.033
79.018
730.572
554.438
472.243
390.189
310.183
264.085
186.075
128.95
101.096
79.018
730.571
549.247
468.306
385.308
308.587
262.092
184.072
127.075
101.096
724.416
545.159
466.291
381.313
308.134
260.102
184.072
125.986
101.096
953.337
718.572
542.213
464.331
380.109
305.246
258.072
182.984
125.985
99.531
880.507
710.436
538.194
463.124
378.309
303.23
255.155
180.087
124.999
99.531
860.54
704.52
536.187
462.15
376.258
302.148
252.105
174.054
124.086
99.08
848.578
697.304
532.337
460.113
376.257
300.169
250.111
171.025
124.039
99.08
844.545
690.504
528.306
456.365
371.645
299.094
248.142
167.142
123.116
98.512
838.556
685.203
524.369
454.328
371.099
298.088
246.122
166.071
121.064
98.512
832.583
679.526
522.172
452.312
368.084
297.081
245.228
162.054
120.08
98.512
831.588
671.693
518.381
449.343
366.153
297.08
244.201
159.968
120.044
97.991
828.55
666.281
516.305
448.192
364.135
294.202
243.025
158.96
118.086
97.101
822.558
662.325
514.362
446.119
362.324
292.189
241.128
154.989
118.086
97.101
812.613
654.374
511.14
444.14
360.148
291.111
239.105
154.989
118.086
95.085
808.582
649.478
508.302
441.296
357.371
289.153
236.091
154.989
118.086
95.085
806.566
643.362
505.373
439.351
355.068
287.235
233.225
153.127
118.064
95.049
802.532
638.4
502.29
436.352
352.244
285.241
231.112
153.054
115.111
90.526
794.566
634.178
500.296
433.475
349.116
284.257
227.217
149.044
115.111
90.526
792.55
631.526
499.211
431.314
348.046
282.651
227.078
146.979
115.086
90.055
789.645
625.517
497.335
428.205
345.118
281.098225.078
144.981
113.963
88.023
786.598
622.258
495.326
425.133
341.303
281.05
223.106
144.043
113.963
87.08
782.567
617.429
494.322
421.135
339.288
280.653
223.062
141.958
113.096
87.08780.55
609.181
492.307
417.334
337.272
279.25
219.137
141.958
113.059
86.096
774.599
602.256
489.343
414.779
333.241
278.174
218.078
139.987
111.08
84.959
768.553
595.306
487.12
412.319
330.335
276.112
214.085
139.987
109.101
84.959
766.535
589.516
485.284
409.34
328.262
274.106
211.107
139.111
109.101
84.044
766.535
580.359
483.122
404.314
326.137
272.184
207.1
137.132
109.101
83.085
756.588
577.442
482.265
400.194
323.13
270.278
204.086
136.075
106.028
81.52
754.535
574.26
480.307
398.24
320.095
269.135
200.971
132.101
104.107
81.52
750.539
568.259
478.362
397.308
317.196
268.244
198.098
131.085
104.106
81.07
744.551
563.442
477.342
396.104
314.304
267.267
196.036
130.966
102.033
81.07
739.504
559.172
474.257
394.184
312.215
265.251
191.178
130.965
102.033
79.018
730.572
554.38
472.221
389.413
310.163
264.085
186.075
128.95
101.096
79.018
730.571
549.239
468.306
385.137
308.293
262.059
184.072
127.075
101.096
723.573
544.392
466.291
381.313
308.074
260.102
184.072
125.986
101.096
952.438
718.572
542.108
464.331
380.109
305.246
258.072
182.08
125.985
99.531
879.543
710.421
538.193
463.105
378.2
303.169
255.133
180.087
124.999
99.531
860.54
704.52
536.187
462.145
376.258
302.148
252.086
174.054
124.086
99.08
848.519
697.301
532.337
459.416
376.257
300.169
250.111
170.995
124.039
99.08
844.544
690.504
528.306
456.345
371.325
299.078
248.142
167.142
123.116
98.512
838.554
685.186
524.369
454.328
371.099
297.314
246.122
166.049
121.064
98.512
832.582
678.507
522.172
452.312
367.392
297.081
245.228
162.054
120.08
98.512
831.588
671.557
518.382
449.344
366.153
296.999
244.153
159.968
120.044
97.991
828.55
666.226
516.304
448.175
364.135
294.168
242.562
158.96
118.086
97.101
820.582
661.536
514.351
445.349
362.303
292.187
241.117
154.989
118.086
97.064
812.614
654.374
511.132
444.14
360.123
291.111
239.09
154.989
118.086
95.085
808.582
649.478
508.301
441.296
357.309
289.152
236.09
154.989
118.086
95.085
806.566
643.172
505.369
439.34
355.068
287.235
233.225
153.127
118.064
93.07
802.322
638.4
502.29
436.351
352.185
285.241
231.112
152.07
115.111
90.525
794.566
634.164
500.275
433.4
349.101
284.257
227.217
149.044
115.111
90.525
792.55
630.411
499.211
431.314
348.046
282.573
226.215
146.117
115.075
89.94
789.645
625.517
497.284
428.179
345.081
281.098
225.072
144.981
113.963
88.023
786.598
621.541
495.326
425.109
341.192
281.05
223.107
144.043
113.963
87.08
782.567
617.186
494.322
421.135
339.288
280.653
223.062
141.958
113.096
87.08
780.551
609.182
492.306
417.21
337.272
279.25
219.123
141.958
113.059
86.096
774.599
602.176
489.227
414.356
333.238
278.174
218.078
139.987
111.044
84.96
768.552
595.153
487.086
412.319
330.298
276.106
214.085
139.987
109.101
84.959
766.535
589.479
485.283
409.341
328.246
274.106
211.085
139.111
109.101
83.085
766.534
580.359
483.115
404.314
325.632
272.184
207.087
137.107
109.101
83.085
756.587
577.279
482.265
400.156
323.101
270.278
204.086
136.075
105.069
81.52
754.536
574.171
480.306
398.24
320.042
269.127
200.971
132.101
104.107
81.52
750.468
567.308
478.362
397.308
317.148
268.244
198.086
131.048
104.106
81.07
744.551
563.371
477.259
396.104
314.303
267.148
195.148
130.966
102.033
81.07
739.504
559.129
474.228
394.16
312.19
265.251
191.178
130.158
102.033
79.018
730.572
554.379
472.135
389.331
310.163
264.085
185.128
128.95
101.096
79.018
730.571
549.147
468.306
384.309
308.293
261.256
184.072
127.075
101.096
723.531
544.337
466.291
381.313
307.309
260.088
184.072
125.985
101.096
947.607
718.572
542.0
464.311
380.072
305.246
258.063
182.08
125.985
99.531
879.47
710.398
538.193
463.103
378.141
303.169
255.111
180.087
124.999
99.531
860.539
704.339
536.187
462.114
376.258
302.137
252.085
174.054
124.086
99.08
848.519
696.442
532.335
459.364
376.257
300.158
250.111
170.996
124.039
99.08
842.566
690.504
528.306
456.272
371.314
299.078
248.127
167.142
123.116
98.512
836.657
684.421
524.311
454.327
371.099
297.277
246.122
166.049
121.064
98.512
832.583
678.505
522.148
452.275
367.335
297.081
245.228
162.054
120.08
98.512
831.569
671.52
518.321
449.343
366.153
296.293
244.153
159.968
120.044
97.991
828.549
665.531
516.304
448.135
364.135
294.154
242.283
158.96
118.086
97.101
820.582
661.48
514.351
445.349
362.267
292.128
241.117
154.989
118.086
97.065
812.614
654.329
510.39
444.139
360.122
291.111
239.088
154.989
118.085
95.085
808.582
649.305
508.252
441.296
357.309
289.117
236.091
154.989
118.086
95.085
806.566
642.374
505.258
439.338
355.068
287.235
233.15
153.127
118.064
93.07
802.304
638.255
502.29
436.319
352.15
285.22
231.112
152.07
115.111
90.526
794.567
633.505
500.275
433.366
349.049
284.22
227.217
149.034
115.111
90.526
792.55
630.395
499.156
431.187
348.046
282.277
226.179
146.059
115.038
89.94
789.645
625.517
497.264
428.166
344.241
281.098
225.035
144.981
113.963
88.023
786.598
621.505
495.325
424.34
341.184
281.05
223.106
144.043
113.963
87.08
782.567
616.563
494.322
421.107
339.288
280.615
223.062
141.958
113.096
87.08
780.551
608.39
492.269
417.21
337.117
279.249
219.112
140.961
113.059
86.096
774.599
602.101
489.168
414.306
333.144
278.174
218.078
139.987
111.039
84.96
768.552
595.152
486.501
412.319
330.277
276.097
213.145
139.987
109.101
84.959
766.535
589.479
485.284
409.203
328.222
274.106
211.036
139.086
109.101
83.085
765.542
580.298
483.114
404.314
325.308
272.099
207.087
137.106
109.101
83.085
756.588
577.279
482.264
399.381
323.072
270.277
204.086
136.075
105.069
81.52
754.535
574.134
480.307
398.24
319.632
269.09
200.971
132.101
104.107
81.52
750.468
567.239
478.327
397.308
317.134
268.244
198.075
131.048
104.106
81.07
744.551
563.31
477.174
396.104
314.304
267.132
195.137
130.966
102.033
81.07
738.54
558.351
474.208
394.16
312.119
265.251
191.105
130.122
102.033
79.018
730.572
554.342
472.135
389.228
310.163
264.085
185.127
128.95
101.096
79.018
730.571
548.369
468.306
384.179
308.293
261.158
184.072
127.038
101.096
723.25
544.337
466.29
381.313
307.309
260.088
184.072
125.985
101.096
943.576
718.572
541.326
464.312
380.072
305.196
258.059
182.08
125.985
99.531
876.534
710.309
538.192
462.356
378.093
303.157
255.086
180.087
124.999
99.531
859.529
704.328
536.187
461.617
376.258
302.098
252.071
174.039
124.086
99.08
848.519
696.385
532.335
459.364
376.221
300.158
250.106
170.538
124.039
99.08
842.565
690.504
528.304
456.22
371.217
299.077
248.127
167.142
123.116
98.512
836.657
684.421
524.311
454.327
371.099
297.277
246.111
166.046
121.064
98.512
832.582
678.505
522.148
452.275
367.334
297.081
245.225
162.054
120.044
98.512
831.569
669.614
518.322
449.324
366.132
296.293
244.132
159.112
120.044
97.991
828.547
665.51
516.304
448.098
364.135
294.118
242.247
158.96
118.086
97.101
820.581
661.478
514.351
445.349
362.252
292.128
241.103
154.989
118.086
97.064
812.614
654.251
510.353
444.103
360.117
291.111
239.08
154.989
118.086
95.085
808.582
648.422
508.192
441.296
357.298
289.117
236.09
154.989
118.086
95.085
806.566
642.374
505.251
439.316
355.068
287.148
233.127
153.127
117.069
93.069
801.577
637.515
502.29
436.319
352.15
285.22
231.081
152.058
115.111
90.525
794.566
633.394
500.274
433.363
348.324
284.22
227.217
149.022
115.111
90.526
792.55
630.359
499.146
431.156
348.046
282.278
226.154
146.059
115.038
89.94
789.645
625.517
497.195
427.282
344.217
281.098
225.015
144.981
113.963
88.023
786.598
621.505
495.325
424.319
341.182
281.05
223.106
144.043
113.963
87.08
782.567
616.563
494.322
421.055
339.288
280.61
223.062
141.958
113.096
87.08
780.551
608.39
492.27
417.21
337.089
279.249
219.112
140.961
113.059
86.096
774.599
601.479
489.125
414.187
333.143
278.174
217.117
139.987
111.039
84.959
768.552
594.413
486.356
412.319
330.277
276.083
213.122
139.987
109.101
84.959
766.535
588.16
485.264
409.173
328.188
274.106
210.12
139.086
109.101
83.085
765.542
580.298
483.114
404.204
325.283
271.281
207.086
137.095
109.101
83.085
756.588
577.208
482.213
399.36
322.309
270.278
204.086
136.075
105.069
81.52
754.535
573.462
480.306
398.24
319.309
269.05
200.971
132.101
104.106
81.52
750.392
567.238
478.327
397.308
317.088
268.244
197.127
131.033
104.106
81.07
744.551
563.263
477.169
396.104
314.246
267.132195.137
130.966
102.033
81.07
735.249
558.35
474.171
394.149
312.115
265.251
191.081
130.064
102.033
79.018
730.571
554.342
472.133
389.169
310.163
264.053
185.114
128.95
101.096
79.018
730.571
548.369
468.306
384.113
308.293
261.158
184.072
127.038
101.096
722.472
544.337
466.205
381.313
307.261
260.074
184.072
125.986
101.096
935.679
718.572
541.157
464.312
380.072
305.148
258.005
182.08
125.985
99.531
873.692
710.291
538.126
462.356
378.093
303.132
255.075
180.087
124.999
99.531
858.524
703.572
536.187
461.431
376.258
302.098
251.235
174.021
124.086
99.08
848.519
696.384
532.335
459.331
376.136
300.158
250.106
170.128
124.039
99.08
842.565
690.504528.304
456.221
371.1
299.061
248.127
167.082
123.116
98.512
836.656
684.384
524.296
454.327
370.33
297.241
246.111
166.047
121.064
98.512
832.582
678.505
522.134
452.275
367.334
297.081
245.225
162.04
120.044
98.512
831.569
669.541
518.322
449.315
366.057
296.293
244.117
159.091
120.044
97.991
828.547
665.51
516.27
448.067
364.135
294.118
242.246
158.96
118.086
97.101
820.581
660.421
514.351
445.293
362.206
292.117
241.096
154.989
118.086
97.064
812.614
654.248
510.353
444.103
360.083
291.111
239.08
154.989
118.086
95.085
808.581
648.384
508.192
441.296
357.298
288.954
236.091
154.989
118.086
95.085
806.566
642.359
505.222
439.214
355.068
287.148
233.127
153.127
116.971
92.049
800.615
637.479
502.29
436.317
351.648
285.22
230.888
152.056
115.111
90.526
794.566
633.394
500.275
433.349
348.288
284.22
227.217
149.022
115.111
90.525
792.55
630.21
499.146
431.156
348.046
282.278
226.117
146.059
114.966
89.94
789.645
625.517
497.195
427.278
344.217
281.073
225.015
144.981
113.963
88.023
786.598
621.447
495.325
424.243
341.177
281.05
223.062
143.958
113.963
87.08
782.566
615.494
494.322
420.32
339.288
280.574
222.148
141.958
113.096
87.08
780.551
607.489
492.27
417.21
337.073
279.23
219.112
140.961
113.034
86.096
774.599
601.479
489.082
414.187
333.143
278.173
217.106
139.987
111.039
84.96
768.552
594.374
486.356
412.315
330.277
276.068
213.122
139.987
109.101
84.959
766.535
587.463
485.185
409.16
328.153
274.106
210.101
139.051
109.101
83.085
764.556
580.298
483.114
403.319
325.272
271.281
207.083
137.095
109.101
83.085
756.588
577.156
482.155
399.36
322.272
270.277
204.086
136.075
105.069
81.52
754.536
573.358
480.306
398.24
319.309
269.049
200.2
132.101
104.107
81.52750.392
566.416
478.291
397.308
317.086
268.244
197.128
130.966
104.106
81.07
744.551
563.243
477.169
396.103
314.231
267.13
195.122
130.966
102.033
81.07
734.233
558.316
474.133
393.408
312.115
265.251
191.052
130.064
101.096
79.018
730.572
554.319
472.109
389.169
310.127
263.236
185.091
128.95
101.096
79.018
730.57
548.369
468.273
383.601
308.293
261.143
184.072
127.038
101.096
722.457
544.337
466.195
381.313
307.262
259.63
184.072
125.986
101.096
935.607
718.572
541.143
464.312
379.391
305.148
257.246
182.08
125.985
99.531
868.683
710.217
537.335
462.356
378.093
303.132
254.283
180.064
124.999
99.531
858.524
703.509
536.187
461.395
376.258
302.089
251.235
173.131
124.086
99.08
848.518
695.299
532.302
459.294
375.335
300.158
250.092
170.116
124.039
99.08
842.565
690.504
527.311
456.218
371.1
299.061
248.127
167.054
123.116
98.512
836.657
684.384
524.272
454.326
370.293
297.241
246.111
165.138
121.064
98.512
832.582
678.504
522.133
452.275
367.334
297.081
245.148
162.04
120.044
98.512
830.567
669.541
518.32
449.312
365.376
296.293
244.11
159.091
120.044
97.991
828.546
665.51
516.269
447.416
364.135
294.118
242.246
158.96
118.086
97.101
820.581
660.421
514.348
445.279
362.158
292.116
240.267
154.989
118.086
97.064
812.614
654.24
510.353
444.103
359.314
291.097
238.974
154.989
118.086
95.085
808.582
648.383
508.132
441.246
357.213
288.288
236.091
154.989
118.086
95.085
806.566
642.359
504.367
439.192
355.068
287.148
233.127
153.126
116.106
91.054
800.614
637.478
502.29
436.28
351.648
285.22
230.091
152.056
115.111
90.526
794.566
633.393
500.275
433.349
348.288
284.163
227.217
149.022
115.111
90.526
792.55
630.189
499.146
430.33
347.58
282.278
226.085
146.059
114.966
89.94
789.645
625.517
497.13
427.132
344.148
281.05
225.015
144.981
113.963
88.023
786.598
621.248
495.325
424.222
341.177
281.05
223.062
143.958
113.963
87.08
782.566
615.494
494.322
420.308
339.288
280.262
222.12
141.958
113.096
87.08
780.551
607.489
492.269
416.618
336.624
279.23
219.112
140.961
112.966
86.096
774.599
601.274
488.319
414.187
333.143
278.123
217.104
139.987
111.039
84.96
768.551
594.374
486.296
412.304
330.277
275.185
213.122
139.987
109.101
84.959
766.535
587.463
485.144
409.16
328.138
274.106
210.097
139.038
109.101
83.085
763.525
580.19
483.114
403.243
325.272
271.262
206.08
137.059
109.101
83.085
756.588
577.156
482.122
399.324
322.272
270.277
204.065
136.075
105.069
81.52
754.535
573.211
480.306
398.24
319.262
268.262
200.091
132.101
104.106
81.52
749.546
566.38
478.291
397.308
316.584
268.244
197.127
130.966
104.106
81.07
744.551
563.242
476.312
395.675
314.185
267.13
195.112
130.966
102.033
81.07
734.232
558.316
474.134
393.407
312.102
265.251
190.122
130.064
101.096
79.018
730.572
554.174
471.356
389.132
310.125
263.236
185.091
128.95
101.096
79.018
730.57
548.342
468.272
383.386
308.293
261.129
184.072
125.986
101.096
722.408
544.337
466.145
381.313
307.175
259.245
184.072
125.986
101.096
933.664
718.572
541.119
464.312
379.33
305.094
257.137
182.08
125.985
99.531
868.682
709.307
537.335
462.356
378.093
303.132
254.283
179.544
124.999
99.531
858.524
703.325
536.187
461.395
376.258
302.089
251.236
173.128
124.086
99.08848.517
695.291
532.265
459.268
375.247
300.158
250.076
170.095
124.038
99.08
842.565
689.511
527.292
456.197
371.1
299.06
248.127
167.044
123.116
98.512
836.605
684.309
524.272
454.326
370.293
297.241
246.111
165.126
121.028
98.512
832.582
678.505
521.263
452.275
367.334
297.081
245.127
161.969
120.044
98.512
830.567
669.329
518.32
449.196
365.376
296.293
244.103
159.079
120.044
97.991
828.546
665.51
516.197
447.379
363.397
294.118
242.21
158.96
118.086
97.101
820.582
660.385
514.29
445.279
362.158
292.116
240.267
154.989
118.086
97.064
812.613
654.228
510.353
443.237
359.296
291.072
238.606
154.989
118.085
95.085
808.582
648.283
507.267
441.209
356.361
288.288
236.09
154.989
118.085
95.085
806.566
642.219
504.367
439.16
355.068
287.147
233.11
153.126
116.07
91.054
800.614
637.303
502.289
436.28
351.612
285.22
230.091
152.056
115.111
90.526
794.566
633.394
500.274
433.349
348.288
284.163
227.217
149.022
115.111
90.526
792.55
629.511
499.145
430.33
347.366
282.278
226.085
146.059
114.964
89.94
789.645
625.517
497.13
426.356
344.147
281.05
225.015
144.981
113.963
88.023
786.598
621.166
495.325
424.113
341.141
281.05
223.063
143.958
113.963
87.08
781.614
615.494
494.285
420.295
339.287
280.262
222.111
141.958
113.096
87.08
780.551
607.202
492.22
416.336
336.252
279.23
219.112
140.961
112.966
86.096
774.599
601.242
488.312
414.152
333.143
278.091
217.096
139.987
111.038
84.96
768.552
594.197
486.296
412.279
330.262
275.138
213.122
139.987
109.101
84.959
766.535
586.202
485.138
409.16
328.137
274.106
210.098
138.541
109.101
83.085
763.525
580.167
483.074
403.207
325.272
271.262
206.08
137.059
109.101
83.085
756.552
576.57
482.119
399.324
322.272
270.277
204.064
136.075
105.069
81.52
754.535
573.144
480.306
398.24
319.261
268.262
200.091
132.101
104.107
81.07
749.51
566.343
478.291
397.243
316.319
268.244
197.127
130.966
104.106
81.07
744.551
563.167
476.312
395.387
314.173
267.122
195.112
130.966
102.033
81.07
732.589
558.316
474.113
393.346
312.102
265.251
190.085
130.064
101.096
79.018
730.572
554.163
471.356
389.11
310.097
263.235
185.041
128.95
101.096
79.018
730.536
548.333
468.271
383.329
308.256
261.122
184.072
125.986
101.096
721.557
544.337
466.112
381.313
307.167
259.201
184.072
125.986
101.096
931.648
718.572
540.424
464.275
379.298
305.084
257.112
182.066
125.985
99.531
867.739
709.163
537.286
462.356
378.093
303.132
254.246
179.153
124.999
99.531
858.523
703.325
536.187
461.196
376.257
302.081
251.236
173.127
124.086
99.08
848.517
694.426
532.264
459.268
375.153
300.155
250.07
170.08
124.039
99.08
842.565
689.51
527.183
456.197
371.1
299.06
248.099
167.044
123.116
98.512
836.54
684.201
524.202
454.291
370.221
297.129
246.111
165.126
121.028
98.512
832.581
678.504
521.216
452.141
367.334
297.081
245.127
161.968
120.044
98.512
830.567
669.329
518.234
449.165
365.351
296.257
244.096
159.064
120.044
97.991
826.636
665.28
516.197
447.364
363.303
294.109
242.185
158.96
118.086
97.101
820.582
660.384
514.29
445.278
362.137
292.116
240.23
154.989
118.086
97.064
812.614
653.546
510.353
443.226
359.267
290.666
238.251
154.989
118.086
95.085
808.582
648.226
507.219
441.208
356.314
288.288236.09
154.989
118.065
95.085
806.566
641.547
504.366
438.335
355.068
287.148
233.085
153.126
116.07
90.526
800.54
637.243
502.29
436.159
351.346
285.168
230.091
152.056
115.111
90.526
794.566
633.394
500.274
433.349
348.288
284.127
227.217
149.022
115.111
90.526
792.55
629.51
499.109
430.33
347.122
282.241
226.085
146.059
114.964
89.94
789.645
625.517
497.124
426.33
344.147
281.05
224.591
144.981
113.963
87.08
786.598
620.793
495.326
423.418
341.141
281.05
223.063
143.106
113.963
87.08
781.536
615.33
494.255
420.295
339.288
280.262
222.097
141.958
113.096
87.08
780.551
607.202
492.16
416.226
336.252
279.177
219.112
140.961112.966
86.096
774.599
600.162
488.311
414.15
332.329
277.63
217.052
139.987
111.038
84.959
768.552
594.148
486.288
412.243
330.262
275.137
213.111
139.987
109.101
84.959
766.535
586.146
485.138
409.16
328.137
274.106
210.097
138.102
109.101
83.085
763.175
580.166
482.361
403.173
325.272
271.244
206.08
137.059
109.101
83.085
756.551
576.406
482.086
399.324
322.272
270.241
204.045
136.061
105.069
81.52
754.535
573.144
480.306
398.24
319.261
268.262
200.081
132.101
104.107
81.07
748.452
566.319
478.29
397.203
316.283
268.244
197.127
130.966
104.106
81.07
744.551
563.123
476.275
395.325
314.156
267.121
194.117
130.966
102.033
81.07
732.588
558.316
473.344
393.295
311.304
265.215
190.085
130.064
101.096
79.018
730.572
553.296
471.356
389.11
310.092
263.236
184.144
128.95
101.096
79.018
730.536
548.296
468.27
383.329
308.257
261.122
184.072
125.986
101.096
721.389
544.335
466.109
381.314
307.163
259.2
184.071
125.985
101.096
931.575
718.536
540.328
464.275
379.298
304.283
257.102
182.044
125.985
99.531
867.737
708.421
537.227
462.355
378.093
303.132
254.246
179.078
124.999
99.531
854.667
702.322
536.187
461.196
376.258
301.579
251.179
173.128
124.086
99.08
848.518
694.296
532.25
459.248
375.153
300.142
250.07
170.08
124.039
99.08
842.565
689.157
527.141
455.408
371.1
299.06
248.09
167.041
123.116
98.512
836.539
683.63
524.187
454.291
370.162
297.119
246.107
165.126
121.028
98.512
832.581
678.432
521.196
452.072
367.334
297.081
245.127
161.131
120.044
98.512
830.567
669.329
518.177
449.147
365.319
296.257
244.095
158.96
120.044
97.991
826.636
664.453
516.144
447.364
363.303
293.246
242.185
158.153
118.086
97.101
820.581
659.593
514.254
445.239
362.063
292.116
240.231
154.989
118.086
97.028
812.613
653.547
510.353
443.202
359.256
290.637
238.215
154.989
118.086
95.085
808.582
647.436
507.202
441.207
356.277
288.215
236.09
154.133
118.065
95.085
806.566
641.512
504.366
438.335
355.068
287.147
233.077
153.127
116.07
90.526
800.519
636.421
502.29
436.135
351.335
285.168
230.091
152.045
115.111
90.525
794.566
633.393
500.274
433.349
348.236
284.098
227.217
149.022
115.111
90.525
792.55
629.51
499.101
430.33
347.122
282.22
226.085
146.059
114.956
89.94
789.645
625.516
497.116
426.331
343.913
281.05
224.127
144.981
113.963
87.08
786.598
620.39
495.325
423.418
341.134
281.05
223.063
143.069
113.963
87.08
781.536
615.228
494.177
420.295
339.288
280.262
222.097
141.958
113.096
87.044
780.551
606.581
492.129
416.205
336.251
279.132
219.083
140.961112.955
86.096
774.599
599.463
488.311
413.771
332.314
277.215
216.195
139.987
111.02
84.959
768.551
593.51
486.288
412.244
330.205
275.137
213.111
139.987
109.101
84.959
766.535
585.143
485.13
409.16
328.137
274.106
210.097
138.09
109.101
83.085
760.584
580.166
482.361
403.146
325.272
271.244
206.08
137.059
109.101
83.085
756.551
576.403
481.346
399.324
322.272
270.241
204.039
136.061
105.069
81.52
754.535
572.352
480.234
398.24
319.262
268.262
200.081
132.101
104.107
81.07
747.387
566.319
478.29
396.309
316.262
268.244
197.127
130.966
104.106
81.07
744.551
562.368
476.275
395.325
314.118
267.121
194.117
130.966
102.033
81.07
732.588
558.316
473.344
393.283
311.293
265.14
190.07
130.064
101.096
79.018
730.572
553.268
471.351
388.174
310.087
263.199
184.143
128.95
101.096
79.018
730.536
548.296
468.269
383.329
308.257
261.122
184.072
125.986
101.096
721.387
544.335
466.107
381.313
307.163
259.19
184.067
125.986
101.096
931.208
718.536
540.306
464.239
379.298
304.262
257.098
181.144
125.985
99.531
866.528
708.421
537.191
462.342
378.093
303.132
254.246
179.069
124.999
99.531
854.667
702.322
536.187
461.138
376.257
301.214
251.16
173.095
124.086
99.08
848.518
693.562
532.178
459.197
375.153
300.106
250.069
170.08
124.039
99.08
842.565
688.452
527.141
455.361
371.1
299.06
248.09
166.085
123.116
98.512
836.539
683.557
523.34
454.291
370.161
297.1
246.098
165.126
121.028
98.512
832.582
678.431
521.196
451.328
367.334
297.081
245.116
161.131
120.044
98.512
830.567
669.283
518.176
448.341
365.319
296.257
244.096
158.96
120.044
97.991
826.596
664.416
516.144
447.343
363.303
293.246
242.185
158.153
118.086
97.101
820.582
659.519
514.254
445.202
362.062
292.107
240.231
154.989
118.086
97.028
812.613
653.51
510.353
443.187
359.256
290.637
238.154
154.989
118.086
95.085
808.582
646.573
507.181
441.161
356.22
288.19
236.09
154.085
118.065
95.085
806.566
641.511
504.366
438.335
355.068
287.112
232.973
153.126
115.964
90.526
800.518
636.421
502.29
436.135
351.303
285.168
230.078
151.147
115.111
90.526
794.284
633.393
500.275
433.329
348.149
283.659
227.217
149.022
115.111
90.526
789.646
629.51
498.449
430.33
347.122
282.205
226.085
146.059
114.956
89.506
789.645
625.517
496.338
426.326
343.294
281.049
224.117
144.138
113.963
87.08
786.598
620.39
495.325
423.296
341.12
281.05
223.062
142.961
113.963
87.08
781.185
615.193
494.125
420.249
339.274
280.262
222.097
141.958
113.096
87.044
780.551
606.482
492.129
416.166
336.249
279.133
219.075
140.07
112.955
86.096
774.597
599.463
488.309
413.771
332.293
277.215
216.122
139.987
111.02
84.959
768.551
593.187
486.287
412.243
330.189
275.109
213.111
139.987
109.101
84.959
766.535
585.124
485.11
409.16
328.133
274.106
210.075
138.091
109.101
83.085
760.583
580.166
482.359
403.096
325.272
271.244
206.08
137.059
109.101
83.085
756.551
576.364
481.341
399.324
322.272
270.241
204.026
136.061
105.069
81.52
754.535
572.186
480.22
398.24
319.262
268.262
200.081
132.08
104.107
81.07
747.35
566.319
478.291
396.309
316.246
268.244
197.118
130.966
104.106
81.07
744.551
562.368
476.275
395.325
314.11
267.121
194.116
130.966
102.033
81.07
732.588
558.316
473.344
393.211
311.293
265.128
190.049
130.064
101.096
79.018
730.571
553.248
471.345
387.324
310.07
263.149
184.096
128.95
101.096
79.018
730.536
548.286
468.27
383.329
308.257
261.122
184.072
125.986
101.096
720.163
544.32
466.106
381.313
307.139
259.19
184.005
125.986
101.096
929.202
718.536
540.243
464.206
379.298
304.262
257.059
181.121
125.985
99.531
866.526
708.421
537.19
462.332
378.093
303.102
254.246
177.163
124.99999.512
854.666
702.322
536.187
461.115
376.258
301.215
251.149
173.08
124.086
99.08
848.518
693.541
531.377
459.127
375.153
300.102
250.07
170.059
124.038
99.08
842.565
688.452
527.141
455.361
371.099
299.06
248.058
166.085
123.116
98.512
836.539
683.462
523.28
454.291
370.161
297.1
246.097
165.09
121.028
98.512
832.582
678.431
521.116
451.327
367.334
297.081
245.106
161.116
120.044
98.512
830.565
669.277
518.176
448.341
365.319
296.218
244.096
158.96
119.072
97.991
826.536
664.416
516.125
447.342
363.303
293.246
242.149
158.096
118.086
97.101
820.582
659.463
514.181
445.171
362.062
292.107
240.194
154.989
118.085
96.044
812.613
653.51
510.353
443.187
359.256
290.591
238.106
154.989
118.086
95.085
807.593
646.573
507.18
441.15
356.219
288.179
236.09
154.085
118.064
95.085
806.566
641.511
504.343
438.335
355.068
287.102
232.951
153.126
115.964
90.526
799.303
636.385
502.289
436.121
351.299
285.168
230.078
151.147
115.111
90.526
792.589
633.358
500.275
433.329
348.143
283.298
227.217
149.022
115.111
90.526
789.645
629.208
498.45
430.242
347.051
282.202
226.085
146.023
114.956
89.506
789.645
625.517
496.338
426.294
343.282
281.05
224.11
144.137
113.963
87.08
786.598
620.39
495.325
423.218
341.041
281.05
223.062
142.961
113.963
87.08
780.594
615.193
494.119
420.184
339.176
280.262
222.075
141.958
113.096
87.004
780.551
606.411
492.129
416.166
336.168
279.111
219.075
140.067
112.955
86.096
774.597
599.389
488.275
413.397
332.218
277.153
216.101
139.987
111.02
84.96
768.551
593.171
486.259
412.171
330.179
275.109
213.111
139.987
109.101
84.959
766.535
584.465
485.094
408.249
328.115
274.106
209.189
138.091
109.101
83.085
760.583
580.165
482.359
402.745
325.272
271.244
206.08
137.045
109.101
83.085
756.551
576.327
481.201
399.324
322.233
270.205
203.138
136.061
105.069
81.52
754.535
572.141
480.161
398.24
319.223
268.245
200.081
132.08
104.107
81.07
745.257
566.176
478.291
396.288
316.21
268.244
197.116
130.966
104.106
81.07
743.29
562.368
476.275
395.314
314.11
267.121
194.103
130.966
102.033
81.07
732.587
558.171
473.343
393.2
311.257
265.117
189.101
130.064
101.096
79.018
730.572
552.4
471.342
387.32
309.598
263.117
184.096
128.95
101.096
79.018
730.536
548.286
468.27
383.329
308.257
261.108
184.072
125.986
101.096
719.614
544.264
465.171
381.313
307.138
259.19
183.137
125.986
101.096
925.722
718.536
540.242
464.166
379.298
304.262
257.058
181.121
125.132
99.531
865.594
708.384
537.19
462.332
378.093
303.088
254.21
177.163
124.999
99.08
854.566
702.211
536.164
461.109
376.258
301.215
251.146
173.08
124.086
99.08
848.518
693.526
531.352
459.079
375.131
300.09
250.07
170.059
123.116
99.08
842.565
688.416
527.127
455.361
371.099
299.06
248.058
166.085
123.116
98.512
835.601
683.291
523.271
454.182
370.146
297.1
246.097
165.066
121.028
98.512
832.581
678.373
521.061
451.327
367.334
297.081
245.106
161.095
120.044
98.512
830.565
669.24
518.176
448.34
365.318
296.098
244.095
158.96
119.072
97.991
826.536
664.416
516.125
447.308
363.303
293.189
242.137
158.08
118.086
97.101
820.581
659.285
514.145
445.118
362.062
292.105
240.158
154.989
118.086
95.085
812.613
653.51
510.352
443.184
359.256
290.583
238.106
154.989
118.086
95.085
806.567
646.545
507.148
441.15
356.205
288.158
236.09
154.064
118.065
95.085
806.566
641.51
504.343
438.335
355.068
287.101
232.607
153.126
115.964
90.525
798.525
636.384
502.288
435.768
351.299
285.16
229.154
151.147
115.111
90.526
792.552
633.182
500.275
433.329
348.143
283.262
227.217
148.976
115.111
90.526
789.645
628.55
498.367
430.158
347.041
282.181
226.085
145.954
114.956
89.506
789.645
625.517
496.337
426.259
343.283
281.05
224.079
144.101
113.963
87.08
786.598
620.244
495.325
423.185
340.356
281.05
223.063
142.961
113.963
87.08
780.551
615.141
493.255
420.104
339.158
280.262
222.061
141.958
113.096
87.004
780.551
606.374
492.124
416.157
336.155
279.111
219.017
140.067
112.075
86.096
774.597
599.197
488.274
413.339
332.205
277.153
216.101
139.987
111.02
84.96
768.551
592.565
486.171
412.171
330.168
275.109
213.109
139.987
109.101
84.959
766.535
584.267
484.434
408.215
328.116
274.106
209.189
138.054
109.101
83.085
760.583
579.237
482.358
402.295
325.211
271.244
206.044
137.045
109.101
83.085
756.551
576.327
481.185
399.324
322.15
270.205
203.088
136.061
105.069
81.52
754.535
572.14
480.161
398.24
319.152
268.244
200.07
132.08
104.107
81.07
744.588
566.159
478.291
396.253
316.174
268.244
197.116
130.966
104.106
81.07
743.288
562.368
476.275
395.314
314.109
267.121
194.103
130.966
102.033
81.07
732.421
558.169
473.343
393.175
311.257
265.105
189.065
130.064
101.096
79.018
730.572
552.4
471.304
387.215
309.594
263.116
184.096
128.95
101.096
79.018
730.536
548.27
468.198
383.329
308.257
261.108
184.072
125.985
101.096
719.614
544.264
465.169
381.313
307.127
259.19
183.112
125.986
101.096
913.723
718.536
540.197
464.166
379.298
304.262
257.058
181.096
125.132
99.531
865.593
708.384
537.19
462.319
377.278
303.055
254.16
177.065
124.999
99.08
854.566
700.452
535.395
460.376
376.258
301.215
251.146
173.08
124.086
99.08
848.516
693.505
530.365
459.077
375.128
299.588
250.069
169.989
123.116
99.08
842.565
688.16
526.35
455.348
371.099
299.06
248.058
166.085
123.116
98.512
835.6
683.266
523.261
454.181
370.117
297.1
246.091
165.047
121.028
98.512
832.581
678.374
520.338
451.327
367.334
297.081
245.106
161.07
120.044
98.512
830.565
668.39
518.162
448.34
365.318
296.096
244.093
158.96
119.049
97.991
826.535
664.416
516.124
447.308
363.303
293.148
242.116
158.08
118.086
97.101
820.582
659.217
513.367
445.118
362.062
292.105
240.098
154.989
118.086
95.085
812.612
652.416
510.28
442.388
359.256
290.195
238.106
154.989
118.085
95.085
806.567
646.405
506.322
441.15
356.159
288.151
235.216
154.049
118.065
95.085
806.566
641.267
504.34
438.335
355.068
286.957
232.226
153.126
115.964
90.526
796.618
636.323
502.288
435.379
351.287
285.143
229.14
151.122
115.111
90.526
792.55
633.166
500.272
433.327
348.142
283.262
227.174
148.976
115.111
90.525
789.645
628.343
498.281
430.115
346.272
282.132
226.085
145.954
114.956
89.506
789.645
625.517
496.338
426.259
343.061
281.05
224.062
144.08
113.963
87.08
786.598
620.172
495.325
423.185
340.319
281.05
223.062
142.961
113.963
87.08
780.551
614.327
493.254
419.384
339.144
280.187
222.011
141.958
113.096
87.004
780.551
606.374
491.442
416.04
336.105
279.111
219.015
140.067
112.017
86.096
774.597
599.197
488.275
413.339
332.159
277.139
216.076
139.987
111.02
84.959
768.551
592.249
486.15
412.163
330.168
275.109
213.101
139.963
109.101
84.959
766.535
584.207
484.377
408.2
328.106
274.106
209.189
138.054
109.101
83.085
760.583
579.163
482.347
402.189
325.176
271.244
205.975
137.045
109.101
83.085
756.551
576.327
481.177
399.324
322.127
270.191
203.086
136.061
105.069
81.52
754.535
571.168
480.123
398.239
319.11
268.244
200.033
132.052
104.107
81.07
744.588
566.151
478.291
396.252
316.143
268.244
197.116
130.966
104.106
81.07
743.288
562.347
476.275
395.314
314.09
267.121
194.103
130.966
102.033
81.07
732.36
558.125
473.31
393.164
311.256
265.105
189.026
130.049
101.096
79.018
730.572
552.4
471.293
387.191
309.313
263.116
184.096
128.95
101.096
79.018
730.536
548.27
468.197
383.329
308.257
261.105
184.072
125.986
101.096
719.558
544.232
465.104
381.313
307.114
259.189
183.112
125.986
101.095
908.503
718.536
540.122
464.166
379.298
304.262
257.056
181.094
125.107
99.531
865.593
707.166
537.164
462.319
377.267
303.037
254.16
177.053
124.999
99.08
854.565
700.452
535.211
460.368
376.258
301.215
251.146
173.08
124.086
99.08
848.517
693.236
530.321
458.361
374.267
299.581
249.22
169.144
123.116
99.08
842.565
687.494
526.347
455.335
371.1
298.982
247.241
166.085
123.116
98.512
835.235
682.405
523.175
454.157
369.35
297.097
246.075
164.106
121.028
98.512
832.582
678.374
520.337
451.327
367.319
297.081
245.106
161.064
120.044
98.512
830.566
668.389
518.162
448.34
365.319
296.096
244.093
158.96
119.048
97.991
826.536
664.343
516.125
447.304
363.303
293.112
242.116
158.08
118.086
97.101
820.582
658.444
513.367
445.118
362.062
292.078
240.097
154.989
118.086
95.085
812.519
652.358
510.28
442.387
359.256
290.173
238.092
154.989
118.086
95.085
806.567
646.406
506.322
441.15
355.319
288.133
235.168
153.163
118.065
95.085
806.566
641.238
504.307
438.335
355.068
286.309
232.153
153.126
115.964
90.526
796.617
636.323
502.128
435.358
351.153
285.129
229.117
151.111
115.111
90.525
792.551
632.557
500.166
433.203
348.143
283.262
227.174
148.976
115.111
90.525
789.645
628.343
498.268
430.088
346.272
282.109
226.085
145.954
114.091
89.506
789.645
625.517
496.338
426.259
343.061
281.05
224.062
144.08
113.963
87.08
786.597
620.162
495.325
422.76
340.283
281.05
223.062
142.961
113.963
87.08
780.551
614.27
493.252
419.314
339.077
280.187
222.006
141.958
113.096
87.004
780.551
606.122
491.406
415.388
336.046
279.111
218.697
140.067
112.017
86.096
774.597
599.148
488.275
413.34
332.159
277.117
216.048
139.987
111.02
84.96
768.551
592.167
486.14
412.163
330.104
275.109
213.097
139.962
109.101
84.959
766.535
584.206
484.376
408.138
327.299
274.106
209.152
138.054
109.101
83.085
760.583
579.163
482.346
402.153
325.174
271.24
205.194
137.045
109.101
83.085
756.551
576.327
481.167
399.324
322.088
270.147
203.08
136.038
105.069
81.52
754.535
571.129
480.122
398.206
319.01
268.244
199.162
131.973
104.106
81.07
744.588
566.151
478.291
396.239
316.128
268.244
197.08
130.966
104.106
81.07
743.149
562.26
476.275
395.312
313.319
267.121
194.103
130.966
102.033
81.07
731.54
558.124
473.309
393.149
311.256
265.105
189.006
130.049
101.096
79.018
730.572
552.327
471.268
387.178
309.288
263.116
184.075
128.95
101.096
79.018
730.536
548.244
468.086
383.147
308.254
261.101
184.072
125.986
101.096
719.292
544.228
465.104
381.309
307.106
259.143
183.112
125.985
101.095
907.499
718.536
540.121
464.165
379.298
304.262
256.262
181.06
125.107
99.531
865.593
706.573
537.164
462.319
377.267
302.591
253.63
177.012
124.999
99.08
854.565
700.416
535.145
460.341
376.257
301.164
251.124
173.08
124.086
99.08
848.516
693.235
530.322
458.361
374.095
299.293
249.22
169.121
123.116
99.08
842.565
687.199
526.327
455.335
371.099
298.309
247.241
166.085
123.091
98.512
834.977
682.405
523.095
453.367
369.335
297.088
246.075
164.092
121.028
98.512
832.581
678.188
520.337
451.264
367.298
297.081
245.106
161.044
120.044
98.512
830.566
668.389
517.362
448.34
365.319
296.08
244.043
158.96
119.048
97.991
826.536
663.552
516.124
447.249
363.303
293.112 242.112
158.059
118.086
97.101
820.582
658.369
513.367
445.118
362.062
292.046
240.097
154.989
118.086
95.085
811.677
652.358
510.172
442.329
359.256
290.158
238.07
154.989
118.086
95.085
806.567
646.405
506.322
441.104
355.319
288.121
235.168
153.138
118.065
95.085
806.566
641.235
504.306
438.335
355.068
286.272
232.153
153.126
115.964
90.526
795.358
636.309
502.109
435.315
350.64
285.129
229.097
151.075
115.111
90.526
792.551
632.557
500.165
433.202
348.143
283.262
227.174
148.976
115.111
90.525
789.645
628.192
498.268
430.088
346.272
282.108
226.081
145.133
114.091
89.506
789.645
625.517
496.338
426.259
343.061
281.05
224.062
144.08
113.963
87.08
786.504
619.528
495.324
422.324
340.179
281.05
223.062
142.961
113.963
87.08
780.551
614.27
493.157
419.314
338.575
280.153
221.175
141.958
113.096
87.004
780.551
605.51
491.406
415.355
335.624
279.097
218.153
140.067
112.017
86.096
774.27
599.14
488.272
413.303
332.145
277.096
216.03
139.987
111.02
84.96
768.551
592.163
486.14
412.082
330.058
275.109
213.065
139.962
109.101
84.959
766.535
584.204
484.351
408.104
327.288
274.106
209.128
138.054
109.101
83.085
760.583
579.163
482.345
402.093
325.161
271.24
205.158
137.045
109.101
83.085
756.551
576.276
481.164
399.324
321.56
270.14
203.069
136.039
105.069
81.52
754.535
570.351
480.114
398.194
319.01
268.244
199.143
131.974
104.106
81.07
744.588
565.405
478.291
396.236
316.128
268.244
197.08
130.966
104.106
81.07
742.536
562.239
476.273
395.312
313.283
267.109
194.103
130.966
102.033
81.07
731.539
558.093
473.309
392.325
311.256
265.105
188.163
129.127
101.096
79.018
730.572
552.327
471.218
387.178
309.288
263.11
184.072
128.95
101.096
79.018
730.535
548.149
467.331
383.122
308.254
261.087
184.072
125.986
101.096
719.291
544.192
465.104
381.298
307.095
259.143
183.112
125.986
101.059
906.258
718.535
539.388
464.128
379.298
304.201
256.262
181.06
125.095
99.531
864.609
706.405
537.163
462.319
377.19
302.586
253.598
176.142
124.999
99.08
854.564
700.311
535.145
460.34
376.258
301.163
251.117
173.077
124.086
99.08
848.516
692.521
530.322
458.347
373.319
299.256
249.183
169.121
123.116
99.08
842.565
686.482
526.312
455.335
371.099
298.272
247.225
166.085
123.091
98.512
834.599
682.282
522.39
453.356
369.313
297.081
246.075
164.033
121.01
98.512
832.581
677.567
520.337
450.356
367.148
297.081
245.096
160.132
120.044
98.512
830.566
668.274
517.362
448.34
365.314
295.262
243.989
158.96
119.048
97.991
826.535
663.552
516.124
447.18
363.303
293.112
242.112
158.044
118.086
97.101
820.582
658.368
513.366
445.118
362.062
291.646
240.085
154.989
118.086
95.085
810.64
652.235
510.136
442.33
359.256
290.149
238.07
154.989
118.086
95.085
806.567
646.405
506.322
440.445
355.282
288.121
235.166
153.138
118.064
95.085
806.566
641.216
504.306
438.335
355.068
286.272
232.115
153.126
115.964
90.526
794.609
636.239
502.104
435.314
350.304
285.129
229.096
150.09
115.111
90.526
792.551
632.53
500.148
433.192
348.143
283.204
227.138
148.976
115.111
90.526
789.645
627.533
498.259
430.088
346.272
282.101
226.081
145.1
114.091
89.506
789.645
625.517
496.338
426.259
343.056
281.049
224.062
144.08
113.963
87.08
786.504
619.526
495.182
422.264
340.164
281.05
223.062
142.961
113.963
87.08
780.551
614.149
493.157
419.314
338.34
280.153
221.169
141.958
113.096
87.004
780.55
605.51
491.05
415.355
335.366
279.092
218.138
140.067
111.968
86.096
773.65
598.164
488.272
413.303
332.136
277.074
215.994
139.987
111.02
84.959
768.551
591.57
486.133
411.418
329.558
275.107
213.005
139.962
109.101
84.959
766.535
584.14
484.34
408.103
327.288
274.104
209.127
138.054
109.101
83.085
760.583
579.104
482.325
402.054
325.138
271.225
205.133
136.075
109.101
83.085
756.551
576.275
481.125
399.287
321.277
270.13
203.042
136.039
105.069
81.52
754.535
570.265
480.114
398.192
318.277
268.244
199.143
131.973
104.107
81.07
744.588
565.326
478.262
396.236
315.505
268.244
197.08
130.966
104.106
81.07
742.536
562.239
476.206
395.312
313.272
267.076
194.103
130.966
102.033
81.07
731.539
557.404
473.309
392.314
311.256
265.068
188.163
129.127
101.096
79.018
730.572
552.304
470.418
387.178
309.288
263.109
184.072
128.95
101.096
79.018
730.536
547.468
467.33
383.099
308.22
261.064
184.072
125.986
101.096
999.543
719.16
544.155
465.104
381.298
307.067
259.122
183.112
125.985
101.059
892.53
717.588
539.388
464.108
379.298
304.201
256.262
180.125
125.095
99.531
864.571
706.405
536.369
462.319
377.144
302.304
253.178
176.106
124.999
99.08
854.564
700.273
534.413
460.34
376.258
301.139
251.101
172.572
124.075
99.08
848.516
692.52
530.319
458.347
373.174
299.257
249.122
169.096
123.116
99.08
842.531
686.437
526.311
455.333
371.099
298.272
247.143
166.085
123.091
98.512
834.598
682.259
522.353
453.353
369.313
297.081
245.614
163.99
120.115
98.512
832.582
677.531
520.251
450.332
367.127
297.081
245.094
160.107
120.044
98.512
830.566
668.27
517.361
448.34
365.314
295.189
243.989
158.96
119.048
97.991
826.535
663.552
516.071
447.18
363.303
293.112
242.109
158.035
118.086
97.101
820.581
658.369
513.342
445.118
362.062
291.645
240.085
154.989
118.086
95.085
810.601
651.552
509.408
442.33
359.256
290.137
237.22
154.989
118.086
95.085
806.567
646.405
506.322
440.445
355.223
288.112
235.132
153.127
118.064
95.085
806.566
640.358
504.306
438.33
355.068
286.273
232.111
153.126
115.963
90.526
794.61
636.145
502.102
435.295
350.267
285.108
229.094
150.091
115.111
90.526
792.551
632.391
500.149
432.345
348.142
283.204
227.138
148.111
115.111
90.525
789.645
627.532
498.259
429.33
346.27
282.101
226.081
145.075
114.091
88.932
789.645
625.479
496.336
426.238
342.299
281.05
224.062
144.08
113.963
87.08
785.661
619.526
495.18
422.264
340.162
281.05
223.062
142.961
113.963
87.08
780.551
614.141
493.146
419.3
338.34
280.153
221.127
141.958
113.096
87.004
780.55
605.453
490.351
415.319
335.277
279.09
218.137
140.067
111.968
86.06
773.65
598.156
488.216
413.303
332.108
276.651
215.124
139.987
111.02
84.959
768.551
591.569
486.125
411.335
329.267
275.074
212.175
139.962
109.101
84.959
766.535
584.14
484.337
408.103
327.288
274.103
209.127
138.054
109.101
83.085
760.583
578.343
482.324
401.664
325.067
271.175
205.121
136.075
109.101
83.085
756.551
576.232
481.125
399.249
321.277
270.097
202.179
135.116
105.069
81.52
754.534
570.137
480.106
398.029
318.168
268.244
199.107
131.973
104.107
81.07
744.588
565.258
478.203
396.236
315.23
268.244
197.08
130.966
104.106
81.07
742.535
562.239
476.152
395.293
313.272
267.076
194.103
130.966
102.033
81.07
731.539
557.361
473.234
392.29
311.256
265.012
188.069
129.127
101.096
79.018
730.572
552.263
470.361
387.178
309.241
263.102
184.072
128.95
101.096
79.018
730.536
547.251
467.109
382.411
308.22
261.034
184.072
125.986
101.096
999.542
718.575
544.156
465.104
381.211
307.056
259.118
183.112
125.985
101.023
892.529
717.587
539.388
464.108
379.298
304.2
256.237
180.101
125.07
99.531
864.572
706.405
536.369
462.319
377.134
302.246
253.14
176.07
124.999
99.08
854.564
699.625
534.353
460.34
376.257
301.124
251.101
172.168
124.05
99.08
847.582
692.52
530.14
458.345
373.097
299.256
249.108
169.096
123.116
99.08
842.53
686.437
526.312
455.331
371.099
298.272
247.143
166.085
123.091
98.512
834.597
682.191
522.353
453.295
369.313
297.081
245.228
163.989
120.114
98.512
832.581
677.531
520.213
450.319
367.127
297.081
245.094
160.075
120.044
98.512
830.566
668.268
517.361
448.339
365.314
295.175
243.23
158.96
119.049
97.968
826.535
663.552
515.406
447.174
363.303
293.105
242.098
157.973
118.086
97.101
820.581
658.369
513.295
445.106
362.062
291.599
240.083
154.989
118.086
95.085
809.661
651.531
509.264
442.249
359.256
290.137
237.22
154.989
118.086
95.085
806.567
645.541
506.288
440.408
355.223
288.106
235.115
153.127
118.065
95.085
806.566
640.358
504.305
438.315
354.283
286.272
232.111
153.126
115.964
90.526
794.609
635.52
501.367
435.197
350.244
285.104
229.085
150.09
115.111
90.526
792.55
632.39
500.141
432.345
348.142
283.165
227.138
148.075
115.111
90.526
789.645
627.532
498.259
429.298
346.236
282.096
226.067
145.075
114.091
88.023
789.645
625.479
496.303
426.178
342.262
281.05
224.062
144.08
113.963
87.08
785.492
619.526
495.18
422.221
340.15
281.049
223.062
142.958
113.963
87.08
780.551
613.479
493.133
419.3
338.304
280.128
221.114
141.958
113.096
87.004
780.55
605.178
490.351
415.319
335.257
279.089
218.137
140.067
111.968
86.06
773.65
598.132
488.166
413.303
331.225
276.231
215.124
139.987
111.02
84.96
768.551
591.569
486.09
411.307
329.205
274.654
212.175
139.962
109.101
84.959
766.535
583.387
484.28
407.423
327.288
274.104
209.127
138.054
109.101
83.085
760.583
578.343
482.322
401.217
324.288
271.153
205.121
136.075
109.101
83.085
756.551
575.463
481.098
399.191
321.241
270.096
202.143
135.116
105.069
81.52
753.583
570.133
480.103
398.029
318.168
268.244
199.107
131.973
104.107
81.07
744.587
565.152
478.173
396.236
315.23
268.244
197.08
130.966
104.106
81.07
742.536
562.239
475.411
395.293
313.272
266.246
194.103
130.966
102.033
81.07
731.356
557.209
473.233
392.29
311.159
265.007
188.07
129.127
101.096
79.018
730.572
552.218
470.336
387.178
309.241
263.101
184.072
128.95
101.096
79.018
730.536
547.145
467.1
382.313
308.218
260.638
184.072
125.986
101.096
987.638
718.573
544.117
465.104
381.149
306.277
259.081
183.101
125.986
100.075
890.515
716.521
539.388
464.105
379.298
304.2
256.226
180.101
124.999
99.531
864.511
706.377
536.369
462.319
377.018
302.246
253.128
176.07
124.999
99.08
854.563
699.625
534.315
460.34
376.258
301.117
251.102
172.168
124.039
99.08
847.582
692.52
530.14
458.345
373.097
299.256
249.094
169.096
123.116
99.08
842.53
686.437
526.288
455.331
371.099
298.236
247.115
166.085
123.08
98.512
834.597
681.541
522.353
453.295
369.313
297.081
245.228
163.989
120.08
98.512
832.581
677.531
520.213
450.306
367.127
297.081
245.091
160.075
120.044
98.512
830.566
668.266
517.336
448.34
365.303
295.164
243.182
158.96
119.048
97.968
826.535
663.53
515.346
447.174
363.303
293.09
242.062
157.158
118.085
97.101
820.547
657.541
513.229
444.382
362.062
291.591
240.083
154.989
118.086
95.085
809.645
651.495
509.264
442.182
359.256
290.137
237.22
154.989
118.086
95.085
806.567
645.541
506.287
440.372
355.208
288.105
235.095
153.127
118.065
95.085
806.566
640.343
504.304
438.259
354.205
286.272
232.107
153.126
115.964
90.526
794.606
635.521
501.367
435.18
350.171
285.098
228.231149.94
115.111
90.526
792.55
632.39
500.13
432.345
348.142
283.15
227.113
148.038
115.111
90.525
789.645
627.494
498.259
429.298
346.235
282.096
226.046
145.075
114.073
88.023
789.644
625.353
496.302
425.434
342.153
281.05
224.062
144.08
113.963
87.08
784.488
619.526
495.114
422.221
340.15
281.049
223.062
142.958
113.963
87.08
780.551
613.479
493.132
419.254
338.243
280.117
221.114
141.958
113.095
87.004
780.55
605.17
490.35
415.319
335.256
279.067
218.101
140.067
111.968
86.06
773.65
597.323
488.166
413.303
331.225
276.231
215.09
139.987
111.02
84.959
768.551
591.494
486.09
411.26
329.155
274.653
212.102
139.962
109.101
84.959
766.535
583.322
484.228
407.361
327.288
274.09
209.091
138.054
109.101
83.085
760.583
578.342
482.322
401.169
324.288
271.15
205.103
136.075
109.101
83.085
756.376
575.463
481.098
399.19
321.241
270.096
202.143
135.116
105.069
81.52
752.556
570.125
480.103
397.402
318.168
268.244
199.107
131.929
104.106
81.07
744.588
564.4
478.172
396.2
315.23
268.244
197.08
130.966
104.106
81.07
742.536
562.238
475.211
395.293
313.272
266.246
194.103
130.966
102.033
81.07
730.573
557.093
473.196
392.29
311.159
264.206
188.067
129.127
101.096
79.018
730.572
551.311
470.288
387.151
309.204
263.095
184.072
128.95
101.096
79.018
730.535
547.145
467.083
382.312
308.184
260.638
184.072
125.986
101.096
982.466
718.572
544.116
465.103
381.142
306.278
259.081
183.101
125.985
100.075
887.634
716.521
539.388
464.106
379.298
304.175
256.225
180.101
124.999
99.531
864.511
705.562
536.369
462.319
376.283
302.246
253.125
176.07
124.999
99.08
854.563
699.308
534.314
460.34
376.257
301.117
251.101
172.143
124.039
99.08
847.581
692.52
529.381
458.345
373.096
299.256
249.086
169.085
123.116
99.08
842.53
686.437
526.288
455.33
371.099
298.163
247.106
166.085
123.08
98.512
834.597
681.541
522.353
453.207
369.309
297.081
245.228
163.989
120.08
98.512
832.581
677.511
520.192
450.306
367.127
297.081
245.091
160.075
120.044
98.512
830.565
667.525
517.312
448.34
365.303
295.127
243.163
158.96
119.048
97.968
826.535
663.516
515.346
447.161
363.303
293.091
242.061
157.121
118.086
97.101
820.547
657.541
513.125
444.345
361.381
291.267
240.083
154.989
118.086
95.085
808.625
651.494
508.338
442.182
359.183
290.137
237.17
154.989
118.086
95.085
806.566
645.421
506.286
440.372
355.207
288.105
235.095
153.127
118.065
95.085
806.566
640.342
504.304
438.259
354.201
286.272
232.107
153.126
115.964
90.526
794.606
635.521
501.296
435.18
350.112
285.093
228.231
149.939
115.111
90.526
792.551
632.39
500.13
432.345
348.142
283.15
227.113
148.038
115.111
90.525
789.644
627.494
498.259
429.168
346.163
282.096
225.599
145.068
114.054
88.023
789.644
625.215
496.301
425.397
342.153
281.05
224.062
144.08
113.963
87.08
784.236
619.319
494.358
422.22
340.149
281.049
223.062
142.958
113.963
87.08
780.551
613.384
493.132
419.238
338.228
280.117
220.143
141.958
113.095
87.004
779.635
605.159
490.327
415.319
335.256
279.038
218.099
140.067
111.968
85.101
773.079
597.322
488.125
413.303
331.225
276.179
215.08
139.987
111.02
84.96
768.551
591.495
485.356
411.161
329.124
274.272
212.065
139.962
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766.535
583.203
484.228
407.227
327.288
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209.08
138.054
109.101
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760.583
578.283
482.322
401.168
324.288
271.114
205.085
136.075
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575.263
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399.176
321.165
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135.116
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81.52
752.556
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397.402
318.168
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199.086
131.929
104.106
81.07
744.587
564.364
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268.244
197.08
130.966
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742.535
562.238
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313.233
266.246
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130.966
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730.573
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311.145
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187.154
129.127
101.096
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730.572
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470.213
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128.95
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546.353
467.083
382.312
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718.572
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381.143
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539.388
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376.282
302.246
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99.08
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534.308
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376.258
301.093
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172.143
124.039
99.08
846.562
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373.096
299.256
249.075
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123.116
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455.321
371.099
298.163
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166.085
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98.512
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681.447
522.353
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297.081
245.228
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98.512
832.581
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520.192
450.296
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297.081
245.091
160.075
120.044
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667.526
517.31
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826.533
663.496
515.258
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234.134
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425.335
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340.137
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113.963
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141.958
113.096
87.004
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604.404
490.324
415.318
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218.091
140.067
111.968
85.065
772.452
597.182
488.089
413.303
331.225
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215.08
139.987
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768.551
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485.336
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329.088
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109.101
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138.054
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760.582
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205.068
136.075
109.101
83.085
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202.085
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268.244
199.082
131.929
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744.588
564.303
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730.573
556.301
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187.143
129.127
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730.572
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470.189
386.325
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263.09
184.072
128.95
101.096
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467.083
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101.096
979.574
718.572
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460.34
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124.039
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169.083
123.116
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166.085
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147.546
115.111
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564.303
478.145
396.176
315.23
268.244
197.08
130.966
104.013
81.07
742.535
561.448
475.085
395.239
313.161
266.171
194.066
130.966
102.033
81.07
730.572
556.3
473.105
392.181
311.085
264.122
187.143
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485.335
410.303
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575.061
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202.085
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198.159
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744.588
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197.08
130.966
104.013
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313.161
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194.055
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102.033
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730.572
556.301
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311.072
264.122
187.132
129.127
101.096
79.018
730.572
550.385
470.14
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184.072
128.95
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546.351
466.327
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260.162
184.072
125.986
101.096
969.591
718.572
543.275
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381.101
306.239
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183.062
125.985
99.531
881.625
716.52
539.311
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379.298
304.062
256.114
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124.999
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536.332
462.296
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302.231
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124.039
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529.273
458.264
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828.551
667.487
517.31
448.34
365.171
295.092
243.086
158.96
118.086
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794.567
635.179
501.151
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202.069
133.926
105.033
81.52
750.54
569.13
479.119
397.308
317.246
268.244
198.159
131.929
104.106
81.07
744.588
564.266
478.109
396.104
315.168
268.244
196.096
130.966
103.054
81.07
742.535
561.161
474.356
395.144
313.11
266.106
193.169
130.966
102.033
79.054
730.572
555.341
472.34
391.293
310.309
264.085
187.086
129.127
101.096
79.018
730.571
550.251
469.099
386.32
309.122
262.142
184.072
128.95
101.096
79.018
728.41
546.28
466.327
381.407
308.17
260.127
184.072
125.985
101.096
961.622
718.572
542.322
464.335
380.181
306.143
258.205
182.984
125.985
99.531
880.64
712.379
538.385
463.327
379.283
303.23
256.093
180.101
124.999
99.531
862.556
704.521
536.332
462.257
376.258
302.195
252.169
175.111
124.086
99.08
849.597
698.4
533.356
460.243
376.258
300.288
250.142
171.137
124.039
99.08
844.547
691.525
528.403
457.253
372.382
299.138
249.061
168.028
123.116
98.984
840.513
686.199
525.145
455.215
371.099
298.099
246.169
166.071
121.1
98.512
833.603
680.411
522.256
452.35
369.104
297.081
245.228
163.074
120.08
98.512
832.237
674.436
519.18
450.19
366.226
297.081
245.088
159.968
120.044
97.991
828.55
667.291
517.128
448.326
364.244
295.024
243.083
158.96
118.086
97.101
824.517
662.437
515.14
446.301
363.132
292.2
241.153
155.106
118.086
97.101
816.548
655.526
512.296
444.285
361.272
291.144
239.163
154.989
118.086
95.085
808.583
650.4
508.337
441.296
358.435
289.251
236.127
154.989
118.086
95.085
806.566
643.526
506.177
440.275355.069
287.276
234.111
153.127
118.064
95.085
804.55
640.211
503.106
437.311
353.303
286.106
231.133
153.126
115.111
90.525
794.567
634.405
501.125
434.311
349.146
284.293
228.097
149.044
115.111
90.525
792.55
632.169
499.351
431.314
348.046
283.101
227.09
147.054
115.111
90.525
789.645
625.517
498.15
429.087
346.124
281.105
225.159
144.981
113.963
88.023
786.598
623.463
496.155
425.155
342.072
281.05
223.107
144.043
113.963
87.08
782.567
618.192
494.321
421.439
339.299
281.049
223.062
141.958
113.096
87.08
780.551
610.183
492.366
418.316
337.272
279.267
220.081
141.958
113.095
87.004
774.599
603.495
490.288
415.319
334.221
278.19
218.08
140.033
111.116
85.028
770.604
596.293
487.299
413.132
331.128
276.158
215.047
139.987
110.02
84.959
768.551
590.381
485.285
410.303
328.283
274.175
211.143
139.111
109.101
84.959
766.535
582.21
483.476
405.444
326.246
273.083
208.096
137.132
109.101
83.085
758.22
578.234
482.322
400.34
324.14
270.278
204.123
136.075
109.064
83.049
754.535
574.311
480.307
398.397
320.195
269.148
201.159
133.926
105.033
81.52
750.54
569.118
479.119
397.308
317.246
268.244
198.159
131.929
104.107
81.07
744.588
564.254
477.426
396.103
315.14
268.244
196.096
130.966
103.054
81.07
742.535
560.5
474.279
395.12
313.099
266.101
193.157
130.966
102.033
79.041
730.572
555.31
472.34
391.293
310.309
264.085
187.074
129.127
101.096
79.018
730.571
550.251
468.343
386.32
309.1
262.117
184.072
128.95
101.096
79.018
728.359
546.244
466.325
381.398
308.148
260.127
184.072
125.985
101.096
959.607
718.572
542.321
464.335
380.147
306.143
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182.984
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583.203
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497.13
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482.119
499.109
452.072
572.186
257.059
516.125
441.15
629.208
514.145
492.124
265.105
322.127
267.121
265.105
377.267
516.125
620.162
265.105
377.267
516.124
510.172
265.105
682.282
652.235
430.088
544.156
481.098
552.218
530.14
362.062
513.125
500.13
699.307
249.075
513.124
283.116
340.137
478.146
467.083
302.246
513.111
640.243283.116
396.176
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640.235
283.116
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515.141
395.144
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325.107
392.075
576.202
792.269
411.126
464.095
305.081
329.1
269.248
289.165
486.262
453.106
634.332
664.131
223.028
650.256
280.168
433.281
792.269
394.053
352.063
223.028
272.008
608.187
197.118
208.083
283.263
666.263
616.169
514.256
280.133
959.607
153.016
274.069
277.097
649.187
443.145
499.12
584.189
150.041
519.283
394.27
371.147
886.522
572.22
234.077
498.261
500.095
196.024
378.059
445.064
322.129
464.277
416.027
680.246
408.215
158.06
425.236
632.283
534.282
630.177
566.248
654.195
293.175
283.227
436.246
509.329
546.283
164.071
443.168
514.111
538.265
541.147
446.046
761.109
955.218
466.184
654.301
650.114
249.149
639.359
309.06
583.111
536.179
517.137
678.252
465.281
174.055
295.12
472.157
767.242
246.98
471.186
545.132
692.304
634.371
695.477
618.304
644.392
373.044
572.212
455.213
484.137
227.103
631.198
877.53
301.165
506.248
709.237
382.199
408.195
590.154
492.272
409.051
538.133
478.293
511.097
653.268
500.277
463.302
647.291
438.262
654.34
348.131
610.298
242.07
543.195
328.044
490.329
514.13
374.244
581.189
223.028
151.051
283.263
396.215
355.157
395.188
508.098
621.303
187.097
202.05
509.287
566.246
297.243
638.221
595.169
463.09
424.246
317.211
219.087
355.116
576.285
194.045
556.316
239.009
480.308
285.058
564.329
491.119
392.095
510.102
541.267
286.177
419.05
544.231
411.29
297.046
808.512
446.169
579.137
476.11
243.196
510.283
513.126
458.142
641.106
274.083
654.361
798.272
551.235
436.317
632.283
373.115
478.293
528.126
373.113
502.293
425.363
592.132
612.314
405.173
567.249
181.05
188.092
297.046
526.293
576.184
676.259
438.262
306.085
459.195
562.168
336.23
255.113
423.106
266.064
592.233
616.132
279.126
199.022
271.069
189.076
223.028
187.051
483.314
434.338
617.272
708.407
460.101
567.249
232.118
369.204
510.318
495.102
979.574
534.319
542.288
567.252
520.267
518.142
586.278
499.119
433.281
697.245
382.1
421.14
303.232
447.151
296.099
215.053
578.254
204.066
983.605
267.923
530.082
420.179
236.092
937.529
444.172
745.582
397.368
196.024
480.308
476.111
663.268
580.361
597.303
535.064
301.216
492.345
650.222
422.23
476.202
597.184
538.314
261.134
671.144
478.329
202.071
552.329
220.047
483.08
546.28
352.043
418.199
194.081
420.092
531.077
259.075
660.314
618.231
552.329
528.308
506.287
281.248
601.158
256.058
506.249
186.017
654.325
231.946
997.529
178.073
437.121
230.985
544.098
479.331
452.277
478.329
524.298
563.189
466.329
551.152
622.333
402.095
494.324
172.061
252.087
534.319
480.272
376.296
446.23
215.053
467.181
441.307
535.177
477.135
439.253
576.255
530.288
366.204
476.277
570.127
251.165
492.309
237.149
722.182
617.272
254.926
409.27
494.324
561.058
497.14
554.345
532.265
249.103
522.355
361.151
303.181
676.309
504.233
313.078
189.113
578.309
559.147
602.309
642.325
534.283
311.168
782.496
640.346
300.009
477.321
772.402
248.96
556.111
506.249
407.191
283.264
305.093
241.217
712.218
225.007
551.152
160.841
361.186
482.121
575.142
313.094
374.131
524.298
308.094
372.253
483.088
326.087
356.098
656.317
712.382
563.015
379.16
594.34
223.028
752.559
676.309
274.083
636.387
606.235
560.225
604.234
616.177
586.314
479.337
485.287
438.262
566.382
616.179
542.251
350.173
446.087
383.352
325.184
629.045
424.246
241.144
434.121
450.298
172.04
518.287
437.136
279.232
227.103
483.272
317.211
568.264
700.309
189.113
471.186
528.308
567.252
267.232
521.184
478.293
467.292
586.299
703.328
223.028
171.102
636.314
468.142
313.078
706.429
492.233
694.27
929.561
548.332
227.201
156.066
464.277
322.093
482.085
201.113
545.093
370.126
645.25
676.309
985.623
267.232
608.283
336.085
628.219
553.152
464.314
297.046
213.113
499.195
488.027
247.118
227.165
616.177
466.293
634.226
546.329
480.308
257.067
268.082
588.329
530.251
482.121
466.293
602.309
524.204
452.314
628.345
686.135
554.345
496.22
202.05
389.145
463.09
215.128
384.355
522.216
395.254
607.169
560.298
207.102
299.026
584.133
496.101
496.137
305.248
433.116
373.044
233.071
305.248
564.126
383.352
413.102
534.318
618.156
432.297
564.293
474.262
394.295
540.199
411.383
444.215
589.26
433.331
753.262
214.987
728.377
355.079
297.019
364.262
351.059
166.062
435.223
311.168
697.294
696.291
183.066
664.382
602.142
808.512
379.116
313.078
381.194
660.314
648.184
239.059
498.262
957.592
464.094
478.293
339.199
307.108
638.33
637.216
639.224
626.329
525.306
407.189
282.084
492.272
424.246
215.128
273.134
394.053
492.308
310.238
570.28
297.046
731.221
632.25
512.335
343.137
215.128
441.152
452.277
454.126
219.087
511.326
442.021
315.196
540.272
483.125
521.213
515.114
481.308
375.13
327.121
223.028
486.261
337.145
445.165
235.072
216.066
515.114
504.233
222.04
327.084
797.292
407.191
693.278
472.246
187.097
606.267
656.356
181.086
419.046
396.257
389.146
168.066
674.257
618.303
654.278
436.246
630.195
414.287
554.345
528.272
566.121
453.197
578.309
915.352
642.231
298.093
287.001
535.177
636.348
518.165
281.248
718.539
431.183
310.936
414.095
499.111
568.361
424.21
508.339
439.251
151.039
594.395
490.124
233.102
492.309
174.04
611.319
238.072
578.301
171.102
452.314
544.137
508.267
306.084
223.028
208.061
544.303
619.151
512.298
554.287
455.202
184.061
478.217
670.141
492.233
166.05
428.111
508.23
530.251
496.22
302.984
266.103
158.06
720.13
506.324
345.109
614.267
597.13
259.087
405.176
260.077
243.134
582.127
446.21
476.277
264.092
546.272
588.329
307.264
709.302
477.106
870.527
624.143
492.309
199.051
252.077
490.116
409.368
618.303
997.529
306.207
953.561
255.899
196.024
558.313
654.301
511.308
462.262
581.18
560.296
558.332
719.151
447.347
455.22
195.138
192.052
581.132
560.296
235.072
199.133
561.163
491.119
530.324
528.126
690.238
533.178
245.093
526.256
518.179
522.355
239.059
574.314
666.262
409.09
728.377
576.329
620.392
447.063
260.077
542.288
547.338
653.21
684.203
512.277
434.085
603.157
154.99
564.233
582.193
520.34
538.133
187.012
468.126
498.261
325.184
517.352
438.261
710.218
645.211
424.246
534.283
581.132
502.293
568.23
499.138
564.238
281.088
483.322
423.105
271.227
634.298
464.277
933.593
654.339
490.293
257.1
381.131
317.211
588.184
603.164
409.246
367.246
447.133
493.101
239.059
522.152
241.217
295.191
197.807
350.269
645.53
676.309
356.324
484.246
597.146
664.273
448.246
700.287
522.282
676.309
241.011
755.278
510.282
560.225
546.282
656.201
366.241
444.148
576.221
476.111
782.475
307.129
784.491
555.116
426.095
666.252
393.092
604.159
434.21
723.245
415.188
409.186
500.277
492.345
686.113
504.309
239.059
631.168
564.329
467.085
460.329
592.361
444.311
604.166
479.332
532.303
196.024
180.052
158.082
275.15
578.345
490.293
730.429
544.267
171.066
433.207
460.246
510.282
578.226
534.316
385.306
598.186
335.222
302.892
446.126
434.085
315.106
206.082
635.239
447.063
473.282
225.087
446.219
241.975
289.944
248.96
447.311
349.069
618.304
164.071
261.134
293.179
495.182
480.345
407.147
297.206
369.131
410.23
552.238
209.118
485.107
543.184
471.116
444.202
633.148
608.265
863.638
297.046
216.066
552.149
652.215
218.103
728.34
501.217
460.101
412.137
466.184
203.082
215.082
492.182
474.261
383.147
484.208
478.09
672.278
721.288
542.251
483.206
498.152
395.147
524.204
227.165
410.23
602.309
634.299
563.142
250.144
442.126
295.12
456.106
506.287
462.095
478.293
580.361
482.202
515.288
496.267
708.299
373.044
353.098
476.277
508.267
166.061
198.077
648.348
622.335
542.301
794.532
229.032
366.204
574.314
733.387
344.098
632.356
618.148
170.118
530.288
223.028
158.082
498.08
588.257
688.528
161.035
525.288
521.298
648.165
259.108
167.02
236.092
462.153
464.313
618.304
465.096
424.246
186.077
411.115
450.262
442.103
558.103
580.233
444.149
525.127
426.056
279.232
242.076
223.028
772.402
506.323
372.085
301.216
313.078
642.361
713.322
306.991
593.048
303.232
301.165
462.298
530.251
443.145
360.254
577.224
222.03
421.154
577.158
162.839
615.174
163.039
518.287
931.65
166.05
269.248
587.106
204.066
676.418
467.282
532.267
239.128
434.085
457.065
385.09
546.316
495.314
348.106
185.042
582.377
684.203
165.04
654.278
566.203
433.108
188.035
618.137
498.116
343.069
462.262
608.172
596.25
222.989
502.293
351.132
540.184
278.103
511.303
522.187
568.361
706.317
665.276
281.248
518.249
392.171
579.174
166.062
382.181
617.272
251.078
495.272536.298
548.295
558.103
616.215
973.623
566.345
313.274
174.955
196.037
172.061
660.314
417.3
429.3
255.232
730.317
195.138
433.207
560.225
551.068
556.158
713.351
490.116
951.346
808.512
496.22
556.111
622.371
571.288
656.356
369.152
565.119
229.144
560.073
493.183
618.231
577.031
237.149
260.992
318.12
536.171
656.356
650.221
437.338
494.288
542.2
514.256
590.246
596.392
448.114
490.293
371.124
464.277
257.067
727.247
241.072
159.066
469.255
494.324
552.28
420.106
580.361
202.108
445.184
566.254
165.04
550.108
165.055
492.106
478.109
402.059
470.23
403.157
472.246
500.213
600.314
170.045
174.955
341.1
422.23
311.259
656.317
371.168
583.13
186.113
502.293
652.236
540.199
445.295
325.107
440.131
182.053
249.097
518.249
465.321
175.06
303.181
572.296
359.02
544.264
240.124
382.199
512.095
617.219
553.158
702.325
566.125
928.191
384.275
240.99
479.371
436.282
482.204
527.26
340.125
285.243
613.235
417.286
592.179
333.04
560.225
477.106
596.319
521.161
498.262
479.336
500.115
540.329
405.174
696.351
497.096
446.085
540.132
578.218
283.227
510.114
450.262
656.317
546.28
752.435
596.143
533.132
504.308
547.14
492.309
630.235
331.248
684.35
165.04
686.22
532.264
580.316
267.073
263.046
628.382
273.17
570.28
358.238
391.159
412.173
401.141 676.309
501.106
514.293
524.168
434.12
493.304
671.267
981.592
577.224
482.085
219.077
600.202
167.02
905.561
696.292
173.081
354.264
319.227
318.12
187.039
627.135
213.113
634.132
447.105
447.223
532.267
540.376
459.117
317.138
492.308
295.191
618.156
504.309
525.113
471.091
410.23
422.231
635.239
464.277
274.093
746.239
438.262
315.196
434.12
279.232
514.256
492.309
463.091
599.319
582.509
451.09
562.311
592.361
511.303
534.173
508.303
542.142
622.335
464.277
162.019
305.248
718.539
444.106
453.131
550.314
580.361
572.298
165.04
291.077
519.126
463.089
479.113
219.087
598.149
167.02
598.277
554.381
461.14
617.153
620.319
662.33
209.118
256.985
168.066
881.228
797.288
429.153
298.274
511.282
422.181
529.256
540.271
476.132
346.09
808.512
576.137
173.071
604.179
588.329
363.119
552.239
438.262
692.305
435.213
586.314
600.314
700.317
431.316
512.131
558.103
662.33
594.235
663.261
530.324
570.068
728.301
353.046
520.303
532.304
213.015
483.116
232.058
391.136
544.303
403.157
239.059
239.059
695.288
204.027
411.383
574.236
437.213
519.182
933.665
480.345
420.25
457.114
540.199
238.072
514.111
594.377
619.287
585.205
572.296
265.998
628.219
728.377
172.097
532.267
634.236
371.219
580.316
437.399
560.151
564.138
277.098
250.071
249.037
735.252
406.054
555.116
368.28
219.087
498.135
483.223
448.246
369.173
452.277
455.22
451.34
717.145
602.162
301.165
314.08
572.157
241.01
528.308
519.162
311.258
474.261
411.107
241.011
562.314
722.242
494.324
510.282
478.293
159.092
174.955
480.308
450.262
374.269
339.217
524.063
681.295
367.157
580.177
453.166
542.288
257.227
567.252
297.243
567.22
564.233
602.218
617.172
159.066
242.078
193.086
167.02
532.34
223.133
570.173
720.285
638.33
664.345
331.212
184.097
239.059
501.194
506.324
422.231
441.114
204.027
192.066
151.025
624.314
153.055
291.003
328.034
390.059
373.14
622.371
233.102
461.29
592.132
438.261
297.243
268.082
534.173
636.252
768.245
452.277
511.272
490.184
520.303
174.055
665.134
308.199
620.356
676.177311.222
218.082
301.216
520.158
578.218
561.229
463.09
492.27
536.371
615.174
232.118
526.293
512.334
518.288
977.561
665.374
562.314
861.499
528.088
242.078
294.029
607.169
434.107
379.157
520.303
426.285
456.155
676.419
508.267
667.186
307.264
232.118
225.007
470.157
658.332
496.303
655.198
566.14
317.08
583.131
955.574
315.253
587.2
368.134
222.077
530.082
578.301
199.17
532.267
588.257
480.272
487.111
870.526
524.204
440.111
867.345
670.148
410.23
478.329
492.182
301.165
493.101
553.158
718.149
597.127
388.176
360.074
692.304
667.263
526.314
630.235
474.261
241.119
457.994
248.982
236.105
240.098
508.267
700.27
379.043
775.593
478.09
664.308
504.272
516.308
303.232
378.059
161.045
667.316
544.266
473.072
274.093
465.317
578.345
152.995
567.087
664.13
285.243
266.089
538.314
622.335
291.144
444.163
464.314
563.142
514.111
651.224
160.04
606.195
521.298
223.028
241.92
741.276
492.272
494.324
530.287
733.236
760.239
173.118
323.124
663.156
648.387
591.158
324.108
562.311
608.174
478.329
458.218
668.21
436.246
576.293
519.326
464.277
179.034
613.179
510.282
578.345
196.024
498.153
315.196
566.248
602.117
628.309
801.098
492.309
510.113
483.277
530.251
164.035
171.066
397.367
527.131
293.15
608.356
487.157
424.317
429.3
562.35
413.305
461.29
506.324
164.071
526.293
297.152
282.084
697.356
870.527
202.071
564.202
718.429
434.085
662.257
484.137
167.071
808.512
242.078
478.327
494.107
568.111
461.202
752.559
378.132
452.094
473.072
536.371
312.121
377.134
497.132
450.298
712.234
518.249
571.111
564.329
524.262
451.173
164.071
301.216
505.101
590.345
534.28
542.26
442.126
289.072
335.124
396.215
261.04
466.184
464.314
647.161
462.262
494.204
496.34
615.519
476.314
299.258
318.028
753.263
602.153
293.1
404.17
461.29
532.302
652.382
534.28
200.009
493.069
619.215
261.134
321.243
255.232
521.165
465.317
307.108
293.093
212.071
497.096
537.182
566.246
265.998
578.153
496.218
400.079
769.257
492.309
524.298
491.131
184.061
646.299
478.147
490.293
223.028
442.103
231.087
808.512
229.09
458.067
196.036
271.227
187.097
494.324
182.045
586.314
186.055
482.121
476.11
568.219
515.114
341.063
648.314
665.135
452.277
678.398
165.04
562.314
317.211
415.188
614.2
379.259
165.03
501.142
389.146
560.225
303.232
300.098
447.311
341.232
504.309
542.142
526.256
751.247
505.147
644.208
267.232
479.085
479.333
198.113
873.499
219.003
165.04
318.228
620.317
554.288
477.116
341.121
576.202
712.232
520.34
193.061
460.137
532.303
526.184
560.246
693.201
366.241
572.283
375.264
470.085
515.348
508.122
446.085
345.108
463.288
232.037
534.282
614.329
630.148
472.246
471.088
422.231
669.146
566.345
217.061
603.164
265.147
447.311
515.12
410.23
243.08
484.119
325.105
492.272
397.168
390.155
299.077
566.218
552.272
479.168
365.134
440.111
269.211
234.076
895.481
644.247
243.159
616.215
443.118
497.132
233.017
508.34
695.261
201.113
424.246
927.188
234.077
632.317
692.304
602.161
949.169
297.046
255.113
488.277
629.174
466.256
634.236
455.052
551.235
528.272
484.136
299.258
493.228
160.061
636.241
158.061
635.229
979.574
531.078
154.973
634.098
487.158
456.069
721.237
276.077
526.292
489.173
608.251
411.22
544.111
622.225
500.277
498.08
567.252
526.314
546.319
636.207
462.095
225.064
242.066
474.261
530.165
474.138
576.22
488.118
355.321
171.066
286.09
977.2
462.095
662.221
597.303
519.077
654.195
408.215
488.277
708.408
198.077
400.306
233.154
158.082
347.059
186.113
383.352
239.059
462.116
594.34
253.144
292.08
242.176
971.607
518.178
171.066
281.211
518.287
298.942
582.127
506.287
573.122
354.301
779.551
634.19
728.377
975.543
938.213
539.268
514.13
429.204
216.066
595.137
613.128
664.346
465.355
321.131
416.302
565.083
497.14
155.061
462.095
590.345
696.241
496.22
500.277
212.129
623.2
508.339
387.059
644.164
299.258
512.278
604.22
506.324
514.111
451.137
265.082
242.076
384.355
506.288
281.248
640.345
590.149
568.264
478.101
369.336
196.037
638.33
576.327
307.09
363.084
680.268
500.072
295.263
636.205
256.155
382.047
248.092
471.116
415.012
172.097
447.165
371.219
278.103
460.233
484.246
512.131
510.282
546.319
293.15
536.111
823.268
186.113
520.264
543.126
477.317
509.126
742.539
784.491
582.377
477.321
610.124
886.522
611.327
546.272
607.064
301.165
632.164
627.195
463.091
745.585
680.246
450.262
770.056
292.105
636.314
496.137
196.024
448.246
223.028
653.3
524.298
574.168
520.34
220.097
545.093
417.155
524.298
702.543
576.285
688.528
247.118
340.285
299.026
446.313
977.561
223.028
469.256
175.06
179.034
539.128
530.324
369.06
585.303
340.285
295.263
632.21
242.066
513.127
345.079
618.221
480.309
170.082
726.543
658.371
455.22
208.097
279.059
180.066
593.153
184.097
154.973
530.251
332.125
709.237
568.264
781.294
464.093
604.252
420.215
504.184
638.199
291.876
239.059
769.257
528.272
433.101
466.293
417.176
531.168
524.298
445.207
463.172
452.277
578.301
509.293
957.592
297.046
636.206
512.298
598.277
961.623
306.886
500.277
608.3
269.248
181.055
174.955
255.232
271.014
524.118
619.287
505.134
383.189
576.329
626.366
537.094
515.121
636.387
325.183
501.333
602.2
456.069
302.055
399.183
585.303
470.085
929.634
154.087
566.248
622.298
617.219
602.309
453.267
628.219
538.184
422.231
276.077
600.293
740.131
445.205
570.127
594.39
478.329
165.04
626.33
581.132
565.122
614.535
542.249
506.11
654.361
483.08
477.984
561.229
466.293
620.319
613.179
599.319
515.152
362.154
451.09
580.322
433.281
480.345
257.077
593.154
540.272
374.064
303.232
319.227
528.308
303.181
538.314
396.031
540.329
171.012
739.127
187.035
506.287
484.246
660.314
165.019
274.975
495.332
301.217
211.17
438.298
332.09
165.04
187.996
538.314
313.238
567.252
494.287
395.074
534.319
239.067
386.1
433.116
321.087
172.097
216.066
567.116
569.153
476.111
576.293
303.136
591.157
544.317
276.102
341.305
525.127
223.028
606.148
595.288
515.114
156.03
538.133
450.102
451.09
358.069
695.288
513.135
552.33
226.119
216.066
476.277
465.152
491.118
598.299
289.895
497.141
612.314
492.272
607.169
582.127
562.241
540.199
189.066
662.33
334.069
209.154
414.322
492.105
161.081
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16
198.148
251.125
288.191
332.218
428.181
200.175
252.156
289.154
335.132
431.127
202.143
253.179
290.211
336.239
438.223
204.086
254.211
292.224
338.229
444.126
206.19
256.176
294.239
340.186
449.312
209.153
257.149
295.187
342.242
456.383
211.132
258.242
296.178
344.255
466.207
213.111
259.209
297.081
346.234
475.212
214.143
261.108
298.198
348.105
483.13
217.118
263.081
299.146
350.207
493.157
219.149
264.158
300.201
352.247
502.289
223.063
266.098
301.175
354.263
512.674
225.113
266.247
303.136
356.199
523.36
226.141
267.194
305.196
358.234
542.322
227.121
268.19
307.115
360.25
556.432
228.142
269.191
308.218
363.336
579.105
150.091
229.1
270.206
309.18
366.299
609.204
155.106
230.247
271.18
310.201
369.243
642.208
160.075
232.06
272.221
311.196
371.182
669.33
163.06
233.128
273.191
312.252
373.244
695.462
166.049
235.089
274.179
314.111
377.155
725.548
169.085
237.123
276.091
315.133
380.265
760.198
171.137
238.154
277.154
316.222
383.33
796.632
173.08
240.065
279.112
317.197
386.186
834.219
177.054
241.14
280.187
319.128
388.283
180.149
242.186
281.135
321.085
394.11
181.133
243.17
282.167
322.273
398.14
184.138
244.226
283.117
324.252
401.34
187.122
245.174
284.221
326.232
407.203
190.086
246.205
285.13
328.212
411.259
193.17
248.175
286.2
329.185
416.167
196.094
249.182
287.138
330.217
424.362
198.148
251.138
288.191
332.219
428.183
200.2
252.17
289.154
335.132
431.188
202.143
253.19
290.232
336.25
438.26
204.086
254.211
292.226
338.229
444.156
207.073
256.19
294.242
340.186
450.116
209.153
257.149
295.201
342.263
457.16
211.132
258.242
296.182
344.257
466.229
213.112
259.22
297.081
346.234
475.743
214.151
261.109
298.212
348.143
483.292
217.118
263.088
299.159
350.207
493.159
219.174
264.168
300.202
352.247
503.107
223.063
266.106
301.186
354.263
513.271
225.123
266.258
303.136
356.219
524.272
226.141
267.206
305.196
358.234
542.324
227.125
268.19
307.115
360.273
556.44
228.159
269.208
308.219
364.072
580.236
150.091
229.118
270.206
309.191
367.135
611.052
155.117
231.083
271.209
310.212
369.249
642.209
160.075
232.078
272.221
311.201
371.227
669.33
163.075
233.128
273.191
312.252
374.134
695.462
166.083
235.096
274.19
314.124
377.2
725.548
169.085
237.123
276.107
315.133
380.278
760.198
171.149
238.177
277.157
316.223
383.387
796.632
173.107
240.086
279.115
317.21
386.206
835.235
177.065
241.142
280.187
319.153
389.111
180.149
242.211
281.147
321.169
394.173
181.169
243.182
282.167
323.073
398.17
184.144
245.077
283.117
324.252
402.249
187.143
245.174
284.221
326.231
407.203
190.086
246.206
285.13
328.222
411.26
194.103
248.185
286.201
329.193
416.228
196.094
250.016
287.149
330.227
424.377
198.148
251.138
288.206
332.219
428.189
200.237
252.177
289.154
335.132
431.188
202.143
253.19
290.268
336.25
438.307
204.101
254.211
292.226
338.229
444.256
207.11
256.19
294.242
340.222
450.142
209.153
257.149
295.201
342.263
457.194
211.132
258.242
296.182
344.257
466.292
213.111
260.034
297.081
346.258
476.25
214.154
261.121
298.212
348.144483.34
217.118
263.088
299.159
350.229
493.65
219.185
264.17
300.202
352.247
503.107
223.063
266.127
301.186
354.263
513.559
225.123
266.628
303.154
356.219
524.37
226.143
267.206
305.213
358.234
543.241
227.127
268.19
307.126
360.273
556.44
228.159
269.222
308.219
364.099
580.236
150.096
229.117
270.242
309.191
367.149
611.166
155.117
231.112
271.216
310.234
369.249
642.435
160.075
232.078
272.221
311.22
371.228
669.33
163.075
233.128
273.191
312.252
374.156
695.462
166.083
235.107
274.2
314.128
377.24
725.548
169.097
237.123
276.107
315.166
380.301
760.584
171.149
238.179
277.157
316.223
384.141
799.524
173.128
240.122
279.115
317.218
386.206
835.236
177.127
241.154
280.187
319.162
389.217
180.149
242.211
281.146
321.178
394.208
181.169
243.206
282.167
323.077
398.24
184.144
245.089
283.126
324.253
402.249
187.144
245.185
284.221
326.268
407.225
190.086
246.242
285.134
328.222
411.321
194.103
248.221
286.2
329.193
416.25
196.096
250.058
287.159
330.227
425.135
198.148
251.149
288.206
332.255
428.191
200.237
252.195
289.154
335.143
431.188
202.18
253.215
291.05
336.25
438.393
204.101
254.211
292.226
338.229
444.256
207.112
256.19
294.242
340.223
450.175
209.164
257.16
295.206
342.263
457.266
211.132
258.278
296.182
344.278
466.292
213.113
260.037
297.081
346.258
476.274
214.179
261.122
298.212
348.143
483.419
217.133
263.095
299.159
350.229
494.162
219.185
264.195
300.216
352.281
503.107
223.071
266.128
301.215
354.284
514.205
225.123
267.073
303.165
356.228
525.266
226.154
267.206
305.219
358.244
543.241
227.128
268.19
307.126
360.274
558.23
228.159
269.229
308.218
364.1
581.209
151.086
229.133
270.242
309.214
367.149
613.266
155.136
231.112
271.237
310.234
369.304
643.179
160.075
232.107
272.221
311.238 371.228
669.411
163.111
233.128
273.191
312.288
374.165
697.275
166.083
235.107
274.2
314.185
378.115
725.548
169.096
237.145
276.107
315.165
381.13
761.511
171.185
238.216
277.176
316.226
384.164
800.517
173.128
240.135
279.119
317.221
386.206
835.545
177.13
241.154
280.19
319.164
389.252
181.023
242.211
281.149
321.241
394.208
182.049
243.206
282.169
323.132
398.34
184.169
245.091
283.128
324.288
402.26
187.155
245.185
284.232
326.268
407.3
190.086
247.071
285.144
328.247
412.156
194.103
249.005
286.2
329.196
417.112
196.133
250.07
287.159
330.238
425.135
199.086
251.15
288.216
332.257
428.217
200.237
252.231
289.165
335.145
431.188
202.179
253.238
291.073
336.25
438.646
204.101
254.283
292.226
338.229
444.331
207.112
256.19
294.242
340.224
450.175
209.189
257.164
295.206
342.263
457.328
211.132
258.278
296.182
345.052
466.302
213.123
260.073
297.109
346.273
476.276
214.179
261.123
298.212
348.143
483.476
217.133
263.099
299.159
350.229
494.323
219.185
264.206
300.227
352.304
503.107
223.107
266.128
301.256
354.31
515.21
225.123
267.076
303.169
356.253
527.184
226.154
267.21
305.222
358.258
543.241
227.138
268.201
307.132
360.325
558.254
228.159
269.23
308.219
364.138
581.241
151.086
229.133
270.242
309.222
367.15
613.384
156.011
231.112
271.237
310.234
369.35
644.339
160.075
232.109
272.221
311.24
371.228
670.149
163.111
233.131
273.191
312.3
374.17
697.478
166.086
235.107
274.2
314.186
378.148
725.548
169.097
237.148
276.107
315.166
381.143
761.511
171.559
238.216
277.176
316.226
384.173
800.519
173.128
240.149
279.131
317.227
386.208
835.546
177.13
241.154
280.201
319.212
390.165
181.06
242.211
281.149
321.258
394.211
182.067
243.21
282.169
323.138
399.138
184.169
245.094
283.128
324.288
402.26
187.155
245.185
284.232
326.268
407.301
190.086
247.086
285.144
328.247
412.164
194.115
249.063
286.2
329.2
417.112
196.133
250.111
287.159
330.263
425.148
199.089
251.149
288.216
332.33
428.217
201.102
252.231
289.173
335.175
431.249
202.517
253.263
291.112
336.25
439.099
204.105
255.073
293.091
338.229
445.119
207.137
256.19
294.278
340.223
450.217
209.201
257.176
295.206
342.263
457.328
211.144
259.089
296.182
345.075
466.409
213.123
260.117
297.126
346.273
476.306
214.18
261.123
298.231
348.163
485.111
217.133
263.111
299.16
350.229
494.323
219.195
264.206
300.227
352.306
504.123
223.143
266.128
302.098
354.335
516.184
225.123
267.076
303.169
356.278
527.184
226.155
267.217
306.08
359.027
544.337
227.138
268.226
307.131
360.361
558.327
228.159
269.246
308.219
364.143
581.383
151.086
229.133
270.242
309.222
367.194
617.379
156.101
231.112
271.237
310.234
370.219
645.412
160.075
232.109
272.221
311.243
371.229
673.48
163.111
233.147
273.216
312.325
374.171
697.477
166.086
235.122
274.201
314.195
378.202
731.462
169.097
237.157
276.107
315.17
381.15
762.177
172.075
238.216
277.202
316.226
384.173
802.536
173.164
240.156
279.133
317.233
386.228
838.642
177.163
241.154
280.224
319.223
390.299
181.064
242.211
281.149
321.258
394.211
182.067
243.21
282.169
323.138
399.154
185.074
245.094
283.151
324.288
402.357
187.18
245.185
284.232
326.268
408.19
190.086
247.086
285.144
328.247
412.164
194.117
249.065
286.2
329.206
417.213
196.144
250.111
287.159
330.263
425.156
199.107
251.149
288.216
332.33
428.218
201.102
253.067
289.175
335.175
431.399
203.034
254.042
291.112
336.25
439.197
204.113
255.075
293.106
338.23
445.119
207.137
256.19
294.29
340.245
450.221
210.076
257.185
295.209
342.299
458.142
211.144
259.092
296.182
345.12
466.738
213.123
260.123
297.13
346.273
476.37
215.081
261.123
298.236
348.191
485.146
217.133
263.112
299.171
350.229
494.323
219.657
264.206
300.228
352.32
504.22
223.143
266.128
302.133
355.069
516.305
225.123
267.077
303.17
356.278
527.282
226.179
267.231
306.121
359.027
544.339
227.138
268.226
307.143
360.361
558.447
228.159
269.258
308.219
364.165
581.701
151.086
229.136
270.242
309.224
367.222
617.379
156.101
231.133
271.241
310.234
370.233
647.48
160.075
232.111
272.232
311.243
371.239
673.48
163.111
233.147
273.217
312.325
374.217
697.478
166.086
235.13
274.2
314.207
378.202
731.537
169.097
237.159
276.112
315.17
381.165
762.514
172.075
238.974
277.201
316.226
384.174
803.54
173.164
240.157
279.154
318.002
386.266
848.515
178.049
241.154
280.226
319.229
391.135
181.094
242.211
281.16
321.264
394.211
182.078
243.242
282.169
323.142
399.163
185.078
245.094
283.151
325.1
403.147
188.068
245.185
284.257
326.268
408.19
190.086
247.086
285.144
328.247
412.172
194.117
249.072
286.212
329.217
418.143
196.144
250.111
287.159
330.263
425.156
199.107
251.149
288.216
332.33
428.239
201.102
253.085
289.175
335.182
432.164
203.042
254.135
291.118
336.252
439.291
204.113
255.075
293.124
338.23
445.119
207.137
256.19
294.29
340.245
450.232
210.102
257.189
295.245
342.299
459.183
211.143
259.107
296.182
345.122
467.239
213.123
260.123
297.13
346.273
477.201
215.117
261.123
298.237
348.191
485.236
217.154
263.113
299.171
350.229
495.245
219.657
264.231
300.231
352.32
504.308
223.143
266.149
302.149
355.069
517.831
225.123
267.11
303.231
356.278
527.457
226.179
267.254
306.121
359.148
544.339
227.139
268.226
307.176
360.361
559.13
228.17
270.112
308.221
364.186
582.471
151.086
229.143
270.278
309.226
367.259
619.385
156.101
231.133
271.245
310.234
370.244
647.48
160.086
232.111
272.257
311.244
371.239
675.438
163.111
233.149
273.224
313.125
374.229
697.477
166.086
235.13
274.201
314.206
378.238
737.512
169.122
237.159
276.122
315.17
381.165
763.524
172.075
239.033
278.047
316.247
384.177
804.55
174.021
240.159
279.154
318.04
386.265
848.516
178.072
241.165
280.226
319.242
391.163
181.094
242.211
281.16
321.264
394.281
182.078
244.091
282.18
323.184
399.192
185.092
245.101
283.165
325.124
403.215
188.07
245.185
284.257
326.268
408.2
190.086
247.086
285.159
328.262
412.207
194.165
249.084
286.212
329.217
418.183
197.08
250.115 287.171
330.263
425.179
199.107
251.154
288.216
333.121
428.25
201.105
253.1
289.176
335.218
432.191
203.081
254.136
291.119
336.252
439.291
204.123
255.083
293.146
338.232
445.119
207.158
256.19
295.07
340.245
450.261
210.112
257.189
295.248
342.336
459.183
211.143
259.107
296.182
345.191
467.249
213.123
260.13
297.167
346.273
477.243
215.138
261.123
298.237
348.214
485.358
217.154
263.117
299.175
350.243
495.281
220.117
264.243
300.231
353.148
504.308
223.144
266.149
302.159
355.068
518.297
225.134
267.11
303.231
356.314
528.838
226.18
268.081
306.133
359.159
545.079
227.15
268.226
307.191
361.115
559.287
228.17
270.123
308.221
364.186
582.749
151.122
229.143
270.278
309.228
367.259
622.244
156.101
231.133
272.1
310.236
370.27
648.271
160.133
232.111
272.257
311.272
371.239
677.454
163.111
233.149
273.225
313.139
375.129
698.252
166.086
235.13
274.201
314.207
378.26
739.527
169.133
237.159
276.133
315.181
381.165
763.524
172.075
239.079
278.047
316.247
384.212
804.552
174.054
240.159
279.158
318.073
386.265
848.517
178.086
241.169
280.226
319.245
391.169
181.094
242.211
281.185
321.325
394.3
182.081
244.094
282.18
323.207
399.198
185.107
245.101
283.174
325.139
403.231
188.07
245.185
284.257
326.268
408.201
190.086
247.086
285.159
328.262
412.221
195.061
249.084
286.237
329.233
418.221
197.08
250.116
287.207
330.278
425.213
199.122
251.161
288.216
333.145
428.261
201.123
253.1
289.186
335.229
432.237
203.081
254.144
291.146
336.252
440.276
204.124
255.094
293.152
338.265
445.119
207.185
256.19
295.093
340.245
451.1
210.121
257.196
295.248
343.098
459.22
211.143
259.114
296.185
345.191
467.301
213.123
260.139
297.166
346.273
477.26
215.138
261.159
298.237
348.25
486.173
217.154
263.117
299.182
350.254
495.281
220.117
265.069
300.252
353.16
504.352
223.144
266.152
302.17
355.069
519.138
225.134
267.112
303.235
356.315
530.298
226.179
268.081
306.155
359.184
545.211
227.153
268.226
307.198
361.253
561.857
228.17
270.123
308.233
364.186
583.122
151.122
229.143
270.278
309.227
367.268
623.338
156.101
231.133
272.1
310.237
370.27
648.271
160.133
232.132
272.257
311.276
371.239
677.53
163.122
233.149
273.261
313.142
375.132
698.481
166.097
235.143
274.201
314.207
378.26
739.527
169.133
237.184
276.133
315.181
381.212
763.524
172.075
239.078
278.078
316.247
384.25
804.552
174.069
240.17
279.169
318.094
386.361
850.247
178.086
241.203
280.226
319.245
391.283
181.097
242.211
281.185
322.019
394.317
182.081
244.094
282.18
323.207
399.223
185.11
245.103
283.176
325.142
403.234
188.07
245.185
284.257
326.268
408.201
190.086
247.09
285.166
328.262
412.341
195.076
249.095
286.237
329.243
418.234
197.08
250.115
287.211
330.278
425.275
199.122
251.161
288.216
333.191
428.286
201.123
253.1
289.186
335.239
433.143
203.091
254.149
291.154
336.252
440.357
204.134
255.112
293.16
338.268
445.119
208.042
256.201
295.095
340.247
452.214
210.148
257.229
296.058
343.128
459.284
211.143
259.114
296.196
345.212
468.199
213.146
260.139
297.18
346.309
477.299
215.138
261.159
298.236
348.25
486.173
217.158
263.117
299.186
350.265
495.309
220.118
265.079
300.252
353.16
504.352
223.149
266.152
302.181
355.069
519.138
225.138
267.122
304.129
356.315
530.418
226.179
268.092
306.155
359.184
545.323
227.161
268.226
307.201
361.686
562.261
228.17
270.126
308.233
364.222
583.87
152.016
229.143
270.29
309.261
367.269
625.281
157.079
231.133
272.1
310.237
370.294
651.494
161.07
232.144
272.294
312.087
371.239
677.53
163.122
233.153
274.016
313.154
375.154
700.232
166.097
235.143
274.202
314.207
378.26
741.543
169.133
237.184
276.133
315.202
381.224
763.524
172.075
239.081
278.084
316.247
384.25
805.535
174.091
240.17
279.17
318.123
387.001
850.532
179.063
241.215
280.226
319.283 391.283
181.097
242.21
281.196
322.074
395.13
182.117
244.096
282.182
323.237
399.249
185.114
245.103
283.176
325.144
403.264
188.107
245.185
284.257
326.304
408.307
190.086
247.107
285.166
328.262
412.377
195.079
249.095
286.237
329.243
418.388
197.08
250.133
287.232
330.278
425.286
199.13
251.161
288.252
333.191
428.387
201.123
253.115
289.201
335.278
433.204
203.091
254.149
291.169
336.252
440.372
204.138
255.12
293.171
338.268
445.119
208.096
256.201
295.107
340.283
452.238
210.148
258.058
296.073
343.129
459.394
211.144
259.116
296.196
345.212
468.213
213.148
260.139
297.18
347.064
477.299
215.138
261.159
298.273
348.25
486.223
217.198
263.117
299.186
350.265
495.31
220.13
265.092
300.252
353.217
505.086
223.645
266.164
302.195
355.069
519.18
225.138
267.122
304.176
356.351
531.407
226.179
268.103
306.155
359.207
546.212
227.162
268.262
307.201
362.159
563.372
228.17
270.13
308.255
364.245
587.37
152.056
229.144
270.315
309.261
368.133
625.408
157.079
231.133
272.123
310.237
370.306
652.401 161.07
232.154
272.294
312.11
371.314
677.53
163.132
233.153
274.074
313.161
375.159
700.274
167.033
235.143
274.216
314.208
378.263
741.543
169.133
237.184
276.142
315.202
381.249
763.526
172.075
239.088
278.092
316.247
384.25
806.568
174.091
240.17
279.17
318.123
387.154
850.532
179.079
241.215
280.226
320.096
392.195
181.097
242.258
281.196
322.076
395.13
182.117 244.096
282.196
323.276
399.324
185.128
245.104
283.206
325.151
403.264
188.106
246.098
284.269
326.377
409.145
191.121
247.107
285.169
328.283
413.141
195.091
249.097
286.237
329.254
419.127
197.08
250.143
287.236
330.299
425.308
199.132
251.163
288.252
333.228
429.087
201.123
253.115
289.251
335.305
433.204
203.102
254.149
291.169
336.252
440.409
204.159
255.133
293.185
338.268
445.119
208.096
256.226
295.107
340.283
452.248
210.159
258.106
296.073
343.136
461.199
211.144
259.118
296.196
345.228
468.307
213.148
260.149
297.18
347.078
477.391
215.179
261.159
298.273
348.25
487.215
218.074
263.138
299.196
350.265
495.31
220.133
265.096
300.252
353.229
505.221
224.08
266.164
302.207
355.069
519.18
225.138
267.131
304.176
357.018
533.341
226.18
268.132
306.203
359.207
546.355
227.164
269.021
307.201
362.17
563.372
228.17
270.144
308.257
364.245
588.323
152.056
229.154
270.314
309.264
368.195
626.177
157.097
231.133
272.123
310.236
370.33
653.385
161.07
232.154
273.097
312.133
372.158
679.265
163.132
233.185
274.097
313.161
375.212
700.606
167.045
235.163
274.216
314.21
378.32
741.543
169.144
237.184
276.143
315.211
381.299
763.524
172.075
239.094
278.138
316.247
384.25
810.636
174.112
240.17
279.169
318.144
387.155
852.646
179.079
241.215280.262
320.159
392.217
181.097
242.283
281.196
322.076
395.203
182.128
244.103
282.203
324.107
399.325
185.128
245.106
283.206
325.154
403.281
188.128
246.098
284.294
327.039
409.161
191.121
247.128
285.18328.283
413.192
195.099
249.097
286.237
329.279
419.144
197.092
250.143
287.236
330.299
425.31
199.132
251.163
288.252
333.25
429.088
201.123
253.115
289.252
335.341
433.209
203.102
254.149
291.178
336.252
441.126
204.992
255.133
293.185
338.268
445.119
208.096
256.226
295.114
340.32
452.276
210.16
258.159
296.073
343.15
461.206
211.522
259.122
296.196
345.239
468.388
213.148
260.15
297.191
347.081
477.391
216.159
261.159
298.273
348.264
487.215
218.076
263.138
299.207
350.266
495.818
220.133
265.096
300.252
353.248
505.266
224.089
266.164
302.206
355.069
519.242
225.146
267.131
304.201
357.055
533.471
226.191
268.144
306.203
359.218
546.355
227.163
269.091
307.212
362.17
565.37
228.17
270.144
308.257
364.245
589.424
152.056
229.154
271.064
309.264
368.196
626.213
157.097
231.148
272.123
310.236
370.33
654.33
161.07
232.154
273.098
312.145
372.191
679.301
163.147
233.189
274.101
313.161
375.236
702.211
167.055
235.164
274.237
314.21
378.321
741.543
170.096
237.184
276.17
315.217
381.299
763.526
172.075
239.1
278.138
316.248
384.25
810.635
174.112
240.17
279.192
318.148
387.179
869.36
179.079
241.215
280.274
320.171
392.217
181.096
242.283
281.196
322.076
395.264
182.128
244.108
282.203
324.134
399.324
185.128
245.107
283.212
325.161
403.304
188.128
246.108
284.294
327.077
409.161
191.139
247.143
285.22
328.283
413.265
195.11
249.097
286.236
329.282
419.228
197.092
250.177
287.24
330.299
426.179
199.132
251.163
288.252
334.089
429.088
201.123
253.115
289.256
336.106
433.242
203.106
254.159
291.178
336.252
441.151
205.042
255.133
293.185
338.291
445.147
208.133
256.226
295.114
341.017
452.276
210.16
258.159
296.084
343.164
462.118
212.081
259.127
296.218
345.239
468.388
213.148
260.16
297.203
347.106
478.205
216.159
261.159
298.273
348.288
487.215
218.076
263.139
299.211
350.304
496.169
220.141
265.111
300.252
353.254
505.319
224.102
266.172
302.207
355.069
519.266
225.148
267.131
304.247
357.143
534.451
226.216
268.151
306.203
359.228
547.243
227.175
269.098
307.223
362.191
565.387
228.195
270.144
308.257
364.245
591.403
152.07
229.154
271.092
310.114
368.198
628.156
157.133
231.158
272.125
310.273
371.029
654.33
161.07
232.154
273.1
312.155
372.191
681.092
164.056
233.189
274.106
313.175
375.238
702.211
167.07
235.168
274.237
314.232
379.078
743.502
170.096
238.052
276.17
315.263
381.314
765.539
172.075
239.104
278.172
316.247
384.294
816.549
174.112
240.181
279.192
318.165
387.179
869.37
179.081
241.227
281.05
320.171
392.217
181.096
242.993
281.221
322.088
395.295
182.153
244.144
282.203
324.141
400.126
185.128
245.111
284.034
325.197
404.127
188.139
246.11
284.294
327.177
409.161
191.154
247.226
285.224
328.283
413.275
195.11
249.097
286.237
329.282
419.228
197.107
250.177
287.24
330.335
426.233
199.143
251.174
288.289
334.089
429.088
201.138
253.118
289.256
336.177
433.244
203.117
254.16
291.194
336.252
441.151
205.085
255.156
293.185
338.341
445.158
208.133
256.226
295.115
341.121
452.393
211.036
258.159
296.088
343.179
462.144
212.102
259.139
296.219
345.282
468.44
213.159
260.16
297.228
347.121
478.206
216.159
261.182
298.284
348.288
487.23
218.078
263.142
299.305
350.304
496.208
221.07
265.118
300.264
353.254
506.2
224.106
266.172
302.207
355.068
519.308
225.148
267.133
304.247
357.145
535.201
226.216
268.155
306.203
359.228
549.288
227.175
269.106
307.226
362.206
565.529
228.195
270.155
308.257
364.245
591.474
152.07
229.227
271.092
310.117
368.209
628.193
157.169
231.17
272.154
310.273
371.1
655.432
161.107
232.154
273.101
312.155
372.213
681.446
164.07
234.084
274.106
313.198
375.238
703.507
167.081
235.168
274.273
314.232
379.11
743.558
170.117
238.071
276.17
316.099
382.149
766.535
172.078
239.106
278.185
316.283
384.346
819.551
174.112
240.195
279.192
318.18
387.18
885.364
179.117
241.263
281.05
320.171
392.218
181.097
243.026
281.258
322.089
395.312
182.19
244.154
282.203
324.141
400.138
185.128
245.125
284.098
325.2
404.13
188.139
246.112
284.294
327.177
409.174
191.179
248.058
285.253
328.284
413.304
195.112
249.101
286.237
329.315
419.231
197.117
250.177
288.069
331.083
426.261
199.144
251.175
288.289
334.115
429.088
201.138
253.118
290.047
336.191
434.117
203.117
254.16
291.252
336.325
441.224
205.085
255.156
293.208
338.341
445.172
208.155
256.262
295.126
341.135
453.27
211.036
258.169
296.112
343.179
462.167
212.106
259.143
296.219
346.1
470.213
213.159
260.16
297.261
347.123
478.207
216.159
261.22
298.284
348.288
487.291
218.078
263.142
300.073
350.304
496.42
221.083
265.118
300.288
353.254
506.202
224.117
266.172
302.207
355.149
519.334
225.159
267.133
304.247
357.166
536.164
226.216
268.165
306.217
359.229
549.318
227.175
269.105
308.112
362.229
567.026
228.195
270.159
308.257
364.281
593.156
152.07
230.078
271.114
310.128
368.24
628.549
158.063
231.17
272.175
310.273
371.1
656.278
161.107
232.19
273.122
312.191
372.213
682.36
164.092
234.091
274.106
313.217
375.239
704.338
167.081
235.168
275.08
314.232
379.112
743.559
170.117
238.085
276.18
316.103
382.153
767.483
172.096
239.125
278.186
316.32
384.346
824.639
174.148
240.195
279.192
318.181
387.192
891.342
179.117
242.099
281.05
320.175
392.228
181.097
243.083
282.096
322.128
396.152
183.076
244.153
282.203
324.144
400.201
185.128
245.128
284.114
325.211
404.17
188.164
246.115
284.33
327.177
409.197
191.179
248.058
285.261
328.284
413.34
195.112
249.101
286.237
329.323
420.227
197.128
250.177
288.088
331.104
426.393
199.144
251.175
288.289
334.154
429.088
201.138
253.117
290.089
336.191
434.146
203.138
254.16
292.063
337.09
441.224
205.089
255.158
293.233
338.341
445.244
208.169
256.262
295.128
341.192
453.318
211.036
258.169
296.112
343.187
463.126
212.118
259.143
296.221
346.121
470.362
213.159
260.16
298.089
347.123
478.292
216.195
261.22
298.309
348.289
488.168
218.081
263.142
300.107
351.133
496.42
221.084
265.118
300.325
353.254
506.824
224.128
266.172
302.206
355.196
520.339
225.159
267.133
304.263
357.17
537.149
227.033
268.165
306.239
360.083
549.319
227.174
269.11
308.117
362.253
568.19
228.195
270.163
308.257
364.283
594.266
152.07
230.078
271.115
310.137
368.254
629.416
158.081
231.17
272.175
310.273
371.1
657.321
161.107
232.19
273.123
312.191
372.213
684.309
164.106
234.121
274.107
313.234
376.133
705.307
167.089
235.168
275.1
314.231
379.114
743.559
170.996
238.107
276.195
316.128
382.197
770.566
172.096
239.125
278.185
317.089
384.346
824.639
175.086
240.195
279.192
318.181
387.215
998.286
179.117
242.099
281.05
320.196
392.254
181.122
243.083
282.096
322.186
396.153
183.091
244.165
282.205
324.152
400.201
185.201
245.128
284.117
325.211
404.206
188.164
246.127
285.039
327.177
409.236
191.179
248.058
285.261
328.284
413.397
195.112
249.123
286.237
330.058
420.331
197.128
250.179
288.108
331.105
426.429
199.144
251.175
288.289
334.175
429.088
201.138
253.118
290.114
336.192
434.189
203.139
254.16
292.107
337.103
441.234
205.097
255.17
294.079
339.023
445.288
209.059
256.274
295.143
341.218
454.158
211.036
258.18
296.116
343.212
463.129
212.118
259.155
296.221
346.139
471.222
213.159
260.168
298.089
347.124
479.121
216.195
261.224
298.346
348.289
488.274
218.121
263.149
300.108
351.14
497.197
221.089
265.129
301.074
353.34
507.15
224.139
266.172
302.207
355.201
520.339
225.159
267.144
304.284
357.203
538.144
227.081
268.165
306.239
360.086
549.466
227.186
269.127
308.132
362.265
568.336
228.195
270.167
308.278
364.341
595.136
153.065
230.078
271.116
310.149
368.255
630.188
158.081
231.17
272.185
310.273
371.1
657.486
161.117
232.19
273.123
312.191
372.214
685.199
164.106
234.133
274.107
313.238
376.168
705.561
167.106
236.1
275.099
314.247
379.248
743.559
171.062
238.133
276.216
316.149
382.196
772.236
172.096
239.125
278.185
317.089
385.138
826.533
175.086
240.195
279.192
318.199
387.215
179.154
242.113
281.05
320.196
392.254
181.122
243.087
282.101
322.198
396.177
183.101
244.19
282.205
324.152
400.242
186.038
245.128
284.139
325.259
405.112
188.164
246.133
285.09
327.181
409.255
192.068
248.058
286.049
328.295
414.151
195.112
249.123
286.273
330.059
421.136
197.128
250.179
288.112
331.128
427.111
199.144
251.175
289.091
334.176
429.088
201.138
253.129
290.128
336.193
434.195
203.175
254.162
292.117
337.117
441.27
205.133
255.17
294.105
339.104
446.111
209.077
257.091
295.143
341.227
454.264
211.036
258.181
296.118
343.233
463.164
212.139
259.163
296.221
346.154
471.306
213.159
260.175
298.089
347.134
479.121
217.096
261.99
299.032
348.288
488.274
218.138
263.175
300.109
351.177
497.26
221.114
265.133
301.094
354.151
507.219
224.139
266.172
302.207
355.208
520.339
225.159
267.156
304.284
357.212
538.287
227.081
268.165
306.242
360.148
550.482
227.2
269.128
308.171
362.265
568.456
228.195
270.167
309.107
365.08
595.16
153.102
230.078
271.128
310.151
368.255
630.323
158.081
231.17
272.185
310.273
371.1
657.486
161.128
232.19
273.123
312.191
372.237
685.433
165.048
234.133
274.106
313.248
376.169
705.561
167.117
236.1
275.117
314.268
379.264
745.36
171.062
238.133
276.216
316.148
382.223
776.23
172.096
239.125
278.208
317.09
385.139
826.535
175.107
240.231
280.096
318.201
387.224
180.047
242.113
281.05
320.196
393.011
181.122
243.096
282.119
322.198
396.188
183.101
244.19
282.217
324.188
400.245
186.076
245.127
284.139
325.272
405.111
189.007
246.144
285.093
327.192
409.255
192.101
248.1
286.091
328.32
414.154
195.112
249.123
286.273
330.105
421.219
197.128
250.191
288.112
331.128
427.111
199.144
251.175
289.097
334.234
429.088
201.138
253.14
290.149
336.192
434.948
203.179
254.161
292.117
337.197
441.296
205.136
255.181
294.13
339.133
446.229
209.092
257.095
295.143
341.233
454.292
211.036
258.18
296.136
343.242
463.193
212.139
259.164
296.221
346.175
471.343
213.163
260.175
298.096
347.142
479.143
217.097
262.052
299.061
348.722
489.226
218.138
263.186
300.112
351.227
497.326
221.114
265.14
301.094
354.187
507.401
224.161
266.174
302.214
355.208
521.117
225.184
267.156
304.284
357.212
538.461
227.084
268.165
306.263
360.191
550.498
227.2
269.131
308.171
362.268
569.499
228.195
270.18
309.116
365.192
595.518
153.102
230.128
271.143
310.154
368.255
631.433
158.081
231.17
272.185
310.273
371.1
657.486
162.054
232.19
273.123
312.191
372.273
685.441
165.102
234.133
274.107
313.247
376.186
706.292
167.117
236.104
275.122
314.268
379.269
747.458
171.062
238.133
276.216
316.165
382.255
779.519
172.096
239.125
278.21
317.091
385.139
826.535
175.111
240.231
280.115
318.203
387.259
180.051
242.113
281.05
320.196
393.092
181.122
243.096
282.119
322.198
396.201
183.112
244.19
282.242
324.213
400.245
186.148
245.127
284.139
325.292
405.128
189.027
246.148
285.093
327.201
409.28
192.122
248.1
286.091
329.08
414.27
195.112 249.123
286.273
330.113
421.231
197.128
250.216
288.112
331.161
427.131
199.144
251.184
289.118
334.234
429.147
201.148
253.14
290.152
336.193
435.184
204.008
254.172
292.126
337.198
441.299
205.136
255.195
294.159
339.159
446.326
209.091
257.099
295.151
341.243
454.292
211.086
258.181
296.136
343.294
463.203
212.175
259.165
296.232
346.175
472.151
213.17
260.185
298.114
347.143
479.187
217.097
262.074
299.061
349.032
489.27
218.138
263.186
300.133
351.336
499.373
221.128
265.14
301.094
354.202
508.339
224.164
266.186
302.231
355.212
522.149
225.195
267.156
304.299
357.214
539.255
227.084
268.176
306.263
360.191
551.328
227.995
269.135
308.171
362.268
570.254
228.195
270.18
309.116
365.194
596.168
153.102
230.128
271.143
310.154
368.276
633.148 158.153
231.17
272.185
310.309
371.1
657.486
162.054
232.19
273.123
312.191
372.273
685.44
165.102
234.133
274.118
313.248
376.186
712.232
167.117
236.127
275.138
314.267
379.306
747.458
171.091
238.141
276.216
316.186
382.256
779.556
172.096
239.127
278.222
317.096
385.176
828.548
175.123
240.231
280.117
318.203
387.259
180.087
242.149
281.073
320.196
393.15
181.122
243.116
282.121
322.198
396.201
183.112
244.19
282.278
324.214
400.245
186.16
245.128
284.157
326.114
405.128
189.065
246.159
285.094
327.217
410.166
192.136
248.1
286.14
329.08
414.27
195.112
249.126
286.309
330.153
421.316
197.128
250.216
288.133
331.185
427.157
199.216
251.186
289.126
334.236
429.22
201.148
253.14
290.172
336.202
435.332
204.011
254.172
292.128
337.222
441.331
206.026
255.206
294.167
339.163
447.162
209.117
257.103
295.151
341.323
454.292
211.107
258.192
296.136
344.11
464.191
212.175
259.164
296.257
346.179
472.157
213.17
260.185
298.115
347.144
479.187
217.097
262.097
299.061
349.101
489.271
218.138
263.247
300.133
352.041
500.189
221.134
265.154
301.094
354.203
509.257
224.164
266.186
302.232
355.212
522.185
226.047
267.156
305.053
357.214
539.407
227.084
268.18
306.265
360.191
552.16
228.062
269.149
308.171
362.268
572.223
228.195
270.181
309.122
365.319
596.377
153.138
230.128
271.144
310.186
368.424
633.504
158.153
231.17
272.185
311.073
371.1
659.111
162.054
232.226
273.131
312.214
372.321
686.179
165.102
234.146
274.133
313.248
376.223
715.49
167.142
236.127
275.138
314.268
379.331
751.487
171.094
238.141
276.231
316.186
382.255
779.555
172.096
239.138
278.247
317.149
385.244
828.549
176.056
240.231
280.117
318.205
387.271
180.087
242.165
281.074
320.196
393.165
181.122
243.115
282.142
322.212
396.207
183.112
244.19
283.05
324.214
400.245
186.185
245.128
284.16
326.149
405.129
189.102
246.159
285.093
327.263
410.167
192.138
248.106
286.14
329.089
414.372
195.122
249.126
286.309
330.153
421.316
197.128
251.046
288.155
331.186
427.247
200.111
251.247
289.129
334.237
429.221
201.163
253.14
290.172
336.214
436.16
204.011
254.174
292.128
337.236
442.125
206.042
255.231
294.167
339.177
447.26
209.117
257.105
295.162
341.351
454.388
211.107
258.205
296.138
344.139
464.191
212.2
259.164
296.257
346.198
472.157
214.05
260.221
298.115
347.207
479.25
217.096
262.097
299.06
349.186
489.314
218.153
264.068
300.149
352.041
500.2
221.164
265.154
301.094
354.213
510.354
224.164
266.208
302.232
355.215
522.267
226.085
267.156
305.085
357.214
539.407
227.088
268.187
306.278
360.191
552.196
228.062
269.149
308.182
362.304
572.463
228.231
270.192
309.123
366.154
596.394
154.097
230.149
271.144
310.187
368.424
634.295
159.091
231.17
272.196
311.138
371.1
659.111
162.054
233.018
273.143
312.214
372.346
686.179
165.102
234.148
274.154
313.248
376.234
715.528
167.154
236.136
275.138
314.268
379.392
752.519
171.112
238.141
276.231
316.187
383.146
780.55
172.108
239.138
279.038
317.149
385.244
828.55
176.07
241.073
280.151
318.239
387.286
180.087
242.174
281.074
320.215
393.192
181.133
243.133
282.142
322.212
396.229
183.112
244.19
283.05
324.214
401.114
186.185
245.128
284.16
326.17
405.195
189.102
246.159
285.093
327.336
410.18
192.149
248.127
286.147
329.089
414.393
195.137
249.134
287.051
330.181
422.12
197.153
251.084
288.155
331.197
427.247
200.127
251.247
289.132
334.237
429.262
201.163
253.14
290.174
336.214
436.159
204.049
254.174
292.165
337.245
442.265
206.044
255.977
294.203
339.176
447.346
209.127
257.105
295.162
342.217
454.659
211.107
258.205
296.138
344.148
464.191
212.2
259.164
296.257
346.211
472.199
214.097
260.221
298.118
347.207
479.37
217.097
262.106
299.061
349.234
491.169
218.164
264.068
300.163
352.138
500.203
221.169
265.154
301.118
354.224
510.354
224.175
266.21
302.232
355.258
522.269
226.085
267.156
305.098
357.228
539.407
227.102
268.187
307.07
360.194
552.267
228.072
269.149
308.182
362.326
572.864
228.231
270.192
309.123
366.154
597.174
155.031
230.164
271.147
310.198
369.105
635.339
159.091
231.17
272.196
311.146
371.1
659.285
162.054
233.033
273.144
312.214
373.125
686.355
165.102
234.148
274.154
313.272
376.245
716.227
167.154
236.136
275.138
314.268
380.095
754.284
171.112
238.143
277.076
316.201
383.17
781.535
172.112
239.138
279.092
317.181
385.244
828.551
176.07
241.096
280.151
318.241
388.099
180.087
242.174
281.074
320.221
393.213
181.133
243.133
282.142
322.212
396.234
183.112
244.19
283.05
324.214
401.117
186.221
245.131
284.175
326.181
405.266
189.102
246.169
285.093
327.336
410.228
193.094
248.127
286.147
329.109
415.132
195.137
249.138
287.084
330.202
422.144
197.176
251.088
288.17
331.197
427.247
200.128
252.083
289.138
334.236
429.27
202.069
253.14
290.186
336.214
436.165
204.049
254.174
292.165
337.254
442.336
206.044
256.115
294.203
339.202
448.115
209.128
257.112
295.164
342.226
455.278
211.107
258.206
296.139
344.15
464.251
213.101
259.164
296.257
346.212
472.199
214.096
260.221
298.133
347.217
480.307
217.097
262.107
299.084
349.248
491.178
218.17
264.074
300.17
352.174
500.235
222.146
265.19
301.129
354.224
510.436
224.2
266.21
302.247
355.258
522.355
226.085
267.169
305.106
357.235
539.428
227.102
268.188
307.075
360.212
552.352
228.097
269.149
308.182
363.133
574.225
228.231
270.195
309.123
366.213
599.38
155.046
230.164
271.151
310.198
369.145
635.339
159.091
231.17
272.196
311.159
371.1
662.329
162.054
233.075
273.145
312.214
373.14
688.159
165.127
234.148
274.154
313.32
376.244
716.226
168.063
236.164
275.175
314.304
380.127
758.219
171.112
238.143
277.096
316.201
383.225
782.628
172.144
239.138
279.094
317.196
385.253
830.591
176.07
241.096
280.165
318.241
388.124
180.101
242.174
281.098
320.255
393.212
181.133
243.148
282.144
322.212
396.331
183.137
244.19
283.05
324.214
401.131
187.086
245.131
284.175
326.197
405.444
189.102
246.169
285.094
328.186
410.228
193.122
248.136
286.154
329.125
415.21
195.137
249.138
287.1
330.202
422.191
198.038
251.1
288.17
331.197
427.254
200.127
252.09
289.139
334.237
430.116
202.069
253.141
290.189
336.216
436.222
204.065
254.174
292.165
337.255
442.424
206.102
256.115
294.203
339.213
448.133
209.128
257.113
295.164
342.238
455.278
211.107
258.205
296.139
344.181
464.357
213.102
259.176
296.257
346.212
473.237
214.097
260.221
298.154
347.254
480.307
217.1
262.107
299.09
349.283
491.286
218.174
264.095
300.17
352.184
500.274
222.196
265.191
301.129
354.224
511.165
225.09
266.211
302.268
355.266
522.354
226.086
267.171
305.112
357.249
539.844
227.102
268.188
307.078
360.221
554.174
228.097
269.149
308.183
363.165
574.225
229.058
270.205
309.144
366.224
599.39
155.063
230.174
271.151
310.198
369.151
635.338
159.112
231.17
272.196
311.159
371.1
663.452
162.077
233.078
273.159
312.227
373.161
688.159
165.127
234.159
274.155
313.32
376.245
717.558
168.063
236.211
275.204
315.073
380.131
758.568
171.112
238.143
277.115
316.211
383.243
783.55
172.169
239.161
279.094
317.196
385.32
832.237
176.07
241.1
280.165
318.241
388.144
180.101
242.174
281.101
320.255
393.213
181.133
243.148
282.155
322.212
396.346
183.137
244.201
283.072
324.216
401.133
187.086
245.149
284.196
326.207
406.194
189.102
246.169
285.094
328.186
410.228
193.122
248.139
286.175
329.135
415.211
195.149
249.145
287.1
330.201
422.217
198.073
251.102
288.17
331.208
427.254
200.139
252.122
289.153
334.27
430.243
202.071
253.154
290.19
336.227
436.222
204.065
254.186
292.188
337.255
443.022
206.103
256.115
294.203
339.227
448.281
209.128
257.124
295.164
342.239
455.312
211.107
258.206
296.157
344.181
465.105
213.102
259.184
296.257
346.212
473.276
214.112
260.221
298.175
347.276
481.255
217.104
262.154
299.099
349.292
491.406
218.175
264.112
300.17
352.198
500.275
223.002
265.19
301.15
354.224
511.165
225.101
266.21
302.304
356.1
522.451
226.095
267.181
305.131
358.159
540.123
227.102
268.187
307.079
360.25
554.44
228.101
269.171
308.185
363.191
574.248
229.079
270.205
309.147
366.249
603.365
155.07
230.174
271.153
310.198
369.168
635.52
159.112
231.173
272.221
311.159
371.1
663.552
163.034
233.082
273.159
312.227
373.165
690.507
165.127
234.159
274.154
314.045
376.245
719.258
168.065
236.211
275.204
315.097
380.141
758.568
171.112
238.154
277.117
316.211
383.264
788.517
172.169
239.161
279.098
317.196
385.345
832.238
176.07
241.104
280.165
318.242
388.143
180.101
242.186
281.106
320.257
393.285
181.133
243.149
282.157
322.222
397.244
183.149
244.201
283.078
324.216
401.158
187.107
245.149
284.196
326.208
406.328
189.102
246.169
285.097
328.204
410.228
193.122
248.139
286.175
329.134
415.279
195.185
249.145
287.101
330.202
422.228
198.102
251.102
288.179
331.212
427.254
200.164
252.122
289.153
334.273
430.265
202.086
253.177
290.208
336.227
436.268
204.086
254.186
292.187
337.259
443.119
206.117
256.13
294.205
339.227
448.375
209.128
257.128
295.164
342.239
455.312
211.107
258.206
296.168
344.192
465.105
213.102
259.201
296.257
346.233
473.276
214.118
261.051
298.175
347.293
482.214
217.106
262.164
299.109
349.32
492.131
218.211
264.13
300.191
352.221
500.277
223.063
265.19
301.154
354.263
511.166
225.102
266.211
303.038
356.154
523.001
226.116
267.181
305.149
358.19
540.425
227.113
268.187
307.089
360.25
555.252
228.101
269.174
308.196
363.213
577.233
229.094
270.205
309.155
366.26
604.297
155.081
230.174
271.164
310.198
369.181
635.52
160.075
231.173
272.221
311.16
371.1
665.51
163.034
233.082
273.166
312.252
373.182
691.31
165.127
234.221
274.155
314.045
376.258
725.546
168.065
236.211
275.204
315.108
380.17
758.568
171.112
238.154
277.129
316.212
383.264
788.613
172.169
239.163
279.106
317.196
385.994
832.238
176.091
241.118
280.18
318.299
388.147
180.101
242.186
281.11
320.257
393.296
181.133
243.158
282.159
322.234
397.244
183.149
244.201
283.083
324.25
401.158
187.107
245.149
284.196
326.208
407.121
189.138
246.169
285.099
328.205
410.362
193.133
248.143
286.175
329.149
415.319
195.185
249.159
287.102
330.201
423.165
198.123
251.117
288.182
332.054
427.279
200.164
252.122
289.154
335.1 430.367
202.086
253.179
290.21
336.227
437.11
204.086
254.21
292.19
337.32
443.159
206.157
256.154
294.217
339.238
449.139
209.153
257.135
295.164
342.239
455.349
211.109
258.205
296.168
344.217
465.227
213.105
259.201
296.257
346.233
474.196
214.143
261.09
298.198
347.293
482.323
217.118
262.19
299.114
350.149
492.223
219.094
264.134
300.191
352.222
500.379
223.063
265.202
301.154
354.263
511.255
225.109
266.21
303.078
356.156
523.097
226.118
267.192
305.149
358.198
540.446
227.113
268.188
307.107
360.25
555.29
228.134
269.175
308.196
363.25
577.282
150.054
229.1
270.205
309.159
366.26
605.883
155.081
230.186
271.165
310.198
369.212
637.303
160.075
231.206
272.221
311.168
371.167
666.282
163.038
233.085
273.18
312.252
373.207
691.311
165.138
235.086
274.175
314.045
376.294
725.546
168.113
237.111
275.276
315.11
380.178
758.568
171.112
238.154
277.132
316.214
383.278
790.245
173.07
239.175
279.112
317.196
386.123
832.23
176.657
241.117
280.187
319.01
388.147
180.101
242.186
281.12
320.257
393.322
181.133
243.158
282.159
322.234
397.309
184.06
244.201
283.089
324.25
401.158
187.122
245.149
284.221
326.229
407.127
189.163
246.171
285.107
328.211
410.362
193.133
248.148
286.177
329.157
415.356
196.086
249.159
287.105
330.203
423.275
198.123
251.117
288.191
332.182
428.123
200.166
252.148
289.154
335.119
430.388
202.107
253.179
290.21
336.227
437.193
204.086
254.211
292.201
338.183
443.161
206.165
256.154
294.217
339.271
449.236
209.153
257.149
295.173
342.242
456.223
211.123
258.205
296.175
344.217
465.329
213.109
259.205
297.081
346.233
474.28
214.143
261.101
298.198
347.305
482.435
217.118
262.201
299.138
350.17
492.28
219.112
264.159
300.191
352.245
501.169
223.063
265.238
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CEST-4       1 MLLLPGL---------------------------MNNLLLFLS----FFLLF----SITKSAIVSTSLGQIDGDQI--------GS-FHL 
                                                                                                          
 
hAChE       63 FLGIPFAEPPMGPRRFLPPEPKQPWSGVVDATTFQSVCYQYVDTLYPGFEGTEMWNPNRELSEDCLYLNVWTPYPRP-T-SPTPVLVWIY 
Ppa-UAR-1   86 FKKIPFASAPIGDLRWRKPQPHRPWNGTLDGTFFGPACTQRTNKYDG---------PVTGFSEDCLHVNVYTSERCRESNSTCPVAFIIH 
CEST-1.1      46 FLGIPFVEPPIGDLRYRKPRPPKSWEGVLVTNEYKSACMSNATKTYKNK-------FGGPISEDCLYLNVLTNEYCLEN-KNCSVMMIVH 
CEST-2.2      47 FFGVPYVEPPVGNLRFRKPRPPKPWDGVLEAKEYKAACMSDQKKTYKNG-------VGGPVSEDCLYANVFTNQYCLEH-KNCSVMLTIH 
CEST-4      47 FKHIPLAKPPIGKLRFQKPEPPEKWTGVRNAKAYGPACISNSSVSTS---------PQKWIDEDCLHINIFTSDKCLKS-KDCAVVTYFH 
                                                    ^                          ^ 
 
hAChE      151 GGGFYSGASS-L--DVYDGRFLVQAERTVLVSMNYRVGAFGFLALPGSREAPGNVGLLDQRLALQWVQENVAAFGGDPTSVTLFGESAGA 
Ppa-UAR-1  167 GGAGLYESTMKFPDEKLVRNFVSQ--GIVVVTTAYRLSAFGAMDLGDENALPANLGLHDIVAALNFTRNEIGHFGGSKEKITLLGQSEGG 
CEST-1.1     128 GGGYLTESASTFNPEILINNFVGQGRNIVVVTFNYRLGLFSFGQFNGDR-GDKNFGLYDMIESVNWVRREIENFGGNKNRITLAGHSAGA 
CEST-2.2     129 GGRFVIESASAYDPEIIINNFVGQGRNIVVVTFNYRLGLFGLGMLNGDN-QDTNFGLYDILEVVRWTRKEIKNFGGDKDRITMQGHSAGA 
CEST-4     127 GGGLMYDSAVMFNDTYLLGTFVNQ--DVIIAIPAFRLGIFSHFVVEDQSIAPTNLALYDILLGVEFVKNEIHNFGGNNQKNTIMGHSYGG 
                                                                                                     *    
 
hAChE      238 ASVGMHLLSPP-----SRGLFHRAVLQSGAPNGPWATVGMGEARRRATQLAHLVGCPPGGTGGND------T-ELVACLRTRPAQVLVNH 
Ppa-UAR-1  255 HYALMIAFSPGISKPGEKRLIDGIIVMSGNGGL----EFREKAVERSHSVAKQLNCTGTA-----------R-EIVECMRLHDTESIVAA 
CEST-1.1     218 SMIVAFTSSPL-----TKGLVHQQIIMSAPMTN----MSKKSNFKGMTVMAQMVGCLSEEIGFNKLSEEQVE-NTYSCLRKKSAQQILDA 
CEST-2.2     218 VFTAAFSTSPL-----SKGLIHQQIIMSASMSN----LSKKSNVKELTVVARIVGCLPDEHGFPKLSNVEVE-KAYTCLRSKSAQQILDA 
CEST-4     215 SIVNILTFSSKIN--HDLSLFQQSICMSSGHDF----ETLEIQIQKTNRFAKHAGCTVPSIIEKKMTTRQSDLYRMKCLQNKDALELLRV 
                                                                      ^                     ^ 
 
hAChE      316 EWH-----VLPQESVFRFSFVPVVDGDFLSDTPEALINAGDFHGLQVLVGVVKDEGSYFLVYGAPGFSKDNESLISRAEFLAGVRVGVPQ 
Ppa-UAR-1  329 SYKVNGPHILSQKAPFGI----TMSGELFPITNEKEL-REDPNPIRLMIGTTIEEIGGGVAGVD-------------------------- 
CEST-1.1     297 QLW-----LLQNSTYFL--GAPPIDEHFLTDYPENLYASKSIYPINTLIGTTTLEVEESSYIIDPAFADKKVELLEN------------- 
CEST-2.2     298 QLY-----MLRNTTYYI--GQGHIDGIYQVDYPDNLYATNSIYPINTMIGTTTAELMDSRYIVDPKNTGKKEILLQN------------- 
CEST-4     299 QRL-----LE-DEGYPTY-GYLVQREPLIQEIPYQEF-MKSPKKIPMLTGCTRYEMDHSPAP---------------------------- 
                                                                     *                                    
 
hAChE      411 VSDLAAEAVVLH-YTDWLHPEDPAR-L----RE-ALS-DVV-----G-D-HNVVCPVAQLAGRLAAQGARVYAYVFEHRASTLSWPLW-- 
Ppa-UAR-1  388 ---------KINRILGIENGEECY----DKYLNDVES-GAFNPGYIEAS-QEMIMTAHIYAKYVAQIGGEAYLYEYDYP----------- 
CEST-1.1     367 ---L---CDHIG-YVLYEEPETFSKKCQKQYMNGNSS-MNL-----SNE-MEFYTPAIDFADSHTSGNTKVFLYSYDYRGAGPAYDRYLE 
CEST-2.2     368 ---L---CEHIG-YELYKEPEEFSQKCRNFYKNGEDA-KSL-----GDD-MEFYYGAIQLANVHSSKDTNVFVYSFDYKEAGNAYKKYDK 
CEST-4     353 --------KPIGQALGFENPEEVYMKFRKDWDDEVYEFGNH-----SDETQAIMVQVRVRVNNLLSKNVPAYLYEYTYP----------- 
 
 
hAChE      474 -MGVPHGYEIEFIFGIPLDPSRNYTAEE-KIFAQRLMRYWANFARTGDPNEPRDPKAPQWPPYTAGAQQYVSLDLRPL-E----VRRGLR 
Ppa-UAR-1  452 -VHGGHTDDAYHVLGIHE---YEMDENE-RWLSRAYPRYFSNFIKGERLAK-------DWSKVTPLLMNYYSVNRSRTDGVFPHTKYGYK 
CEST-1.1     443 VRSPHHSEDLIYVFGTHR---GIFAPKD-YIIEKIYSGMFADFVNFENPLPSGD---QKWNQYTKENREHFLINFDKN-FITPGMRDNYY 
CEST-2.2    444 SLSPKHGEDFAYAFGTNR---GNFSTKD-YVIEYIYSGMFADFVNFGDPSPLED---QEWAQYTPEKREYFLIDFDKN-FTMPGMKDHYY 
CEST-4     419 -KHARHTDDLFYLMGVHR---FEKDENE-IELGKVYETIFMNFAKFGDPKE-------GFELANAENESYYEVYWDGETGERPQMKTKFE 
                   
 *
 
hAChE      567 AQACAFWNRFLPK---------------------LLSA---T-----DTLDEAERQWKAEFHRWSSYMVHWKN----------------- 
Ppa-UAR-1  530 NNLVKYYD-ELVK-YDQ-----------------VLSAAKMQAAN-------------------------------------API-E--- 
CEST-1.1     525 TEAYEFWSTVGKKSFKEEWSPSLDTFTCALVISPLVSHMKQTTTAFDKTFEQTELLYKEEVNFLKREKLERTQELKMETKRRDKALRIQN 
CEST-2.2     526 PKALEFWSTCGSKSFKEHFSPSVDIFIIGNLLNPIMSHLNHNETGPDKTFEQFDKLYNEREEFLKLLKAVRKLEI------QKKMWRGRS 
CEST-4     497 EKIINYWLKDMVE-YDK-----------------HITELKNQKIS-----------------------------I------RKPVVRF-- 
 
 
hAChE      601 -----------QFDHYSKQ----------------------------------------------------------DRCSDL------- 
Ppa-UAR-1  560 ------YK-SLNFDAGFQGFLESLSI--FD-------AIIF--VC--------VVLG-VLSLLCCLCNCFTSL-C-CCCCRGGY--SSI- 
CEST-1.1     615 RKNGLANK---EITEGDEEDESSKLD--IL-------LIIS--AG--------TLFGGILYV------TLPNVIL-QKRARDGY--EL-- 
CEST-2.2     610 SKDLM-LKELVDLEKINEEEQETGAN--FL-------LIIF--GG--------TLLGGILYV------SISHFCL-HHRSRDGY--QL-- 
CEST-4     532 -------Y-----EESSKYHQYSYMTISIL--------LIF---T--------IFLTGYLFG--------RCCCV-GNQDRNLY--IQLD 
                                                                                              ^ 
hAChE        - ------------- 
Ppa-UAR-1    - ------------- 
CEST-1.1     672 ----LS------- 
CEST-2.2     669 ----LK------- 
CEST-4     580 GSNIPTGHIVKNF 
 
* =
^ =
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